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Abstract 
 
This PhD thesis addresses the question of how we define, measure and 
improve surgical judgment and decision making, and how junior surgeons may be 
trained in these skills.  The introduction to the thesis outlines the importance of 
surgical decision making, and the rationale for undertaking this research. An overview 
of relevant cognitive psychology research is presented, and the methodologies used in 
the experimental chapters of the thesis are described in detail. The introduction 
concludes with a systematic review of published empirical work on surgical decision 
making.         
 
The first two empirical studies are qualitative in nature, using interviews and 
simulation. They address how we define surgical decisions and their relationship to 
the process of care, including how surgeons subjectively view their own decision 
making, and whether we can we draw inferences from observation of the process in 
action. 
 
Subsequent experimental chapters focus on the measurement of the quality of 
judgments of risk – a pre-decisional process in which likely outcomes of surgery are 
evaluated and estimated. Judgment analysis methodology is used to measure 
surgeons’ performance at estimating surgical risks, with evaluation of whether the 
method shows construct validity, and whether feedback derived from judgment 
analysis tasks can be used as a teaching tool.  
 
The final empirical section of the thesis develops the theme of training junior 
surgeons in understanding risk and becoming better decision-makers. The process of 
developing, piloting, implementing and evaluating of a course module aiming to 
improve surgical trainees’ approaches to decision making is presented. 
 
Finally the discussion reflects on the strengths and weaknesses of the studies, 
and outlines the implications of the work for clinical practice, training of junior 
surgeons, and future research. 
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Aims of the Thesis 
 
 
1. To understand the role of judgment and decision making in the context of 
surgical expertise. 
 
2. To understand methodologies that may be applied to the empirical study of 
decision making in the clinical setting. 
 
3. To review existing empirical research on surgical decision making. 
 
4. To “map out” decisions in the course of surgical care and understand surgeons 
perceptions of their decision making strategies. This will be conducted by 
means of a semi-structured interview. 
 
5. To assess surgeons’ operative risk judgments objectively by developing a 
surgical judgment analysis task and using it to assess performance against a 
criterion standard. 
 
6. To establish whether the judgment analysis task has construct validity 
(measures an attribute that increases with increasing surgical expertise) and 
face validity (has adequate realism). 
 
7. To use judgment analysis with feedback on performance and task information 
as a training intervention to improve trainee surgeons’ ability to estimate 
operative risks. 
 
8. To develop and pilot a training module on judgment and decision making for 
surgical trainees.
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Chapter 1: Why study surgical judgment and decision making? 
 
“Surgery is 25% technical skill, and 75% decision making” 
(Spencer, 1978) 
 
1.1 Surgeons: technicians or thinkers 
 
The word “surgery” is derived from the Greek “cheiros” meaning hand, and 
“ergon” meaning work (Ellis, 2001) – literally “handiwork”. Surgery is often 
portrayed as a craft, combining manual dexterity and a degree of artistry. Yet this is 
not the whole story. An essential additional component of the surgeon’s job is the 
ability to make risky and irreversible decisions, backed up by knowledge acquired 
through years of formal study and clinical experience. Where possible (and 
appropriate), these decisions are shared with the patients, whose future life, health and 
well-being are at stake. 
 
In this first introductory chapter, I begin by evaluating the importance of 
judgment and decision making as a component of surgical expertise. The special 
nature of surgical decisions is outlined, and the relationship between judgment, 
decision making and overall surgical competency is delineated. This is achieved first 
through description and anecdotal evidence, and is followed by a more formal 
approach to evaluating how these key skills fit into existing published models of 
surgical competence. Their role within the new UK postgraduate surgical training 
curriculum (Intercollegiate Surgical Curriculum Project, 2005) is then outlined.  
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Learning requires feedback. The subsequent section describes the various 
formal and informal checks and balances which, on individual, institutional or 
national levels, may provide evaluation of the quality of surgeons’ clinical decision 
making. Mechanisms that are available to provide surgeons with feedback on their 
performance at judgment and decision making are identified and collated. It is argued 
that the available channels are, at present, inadequate for the purpose.  
 
Given the importance of judgment and decision making as aspects of surgical 
expertise, we are led logically on to further questions: why has surgical decision 
making received relatively little formal attention from those within the profession 
itself, and what are the current drivers that render this subject topical now? A 
discussion of the present clinical, educational and research climate that underpin the 
pressing need for research in this area conclude this first chapter.  
 
1.1.1 The importance of surgical decision making: anecdotes and aphorisms 
 
The importance of the surgeon’s role as decision maker is demonstrated by a 
number of popular surgical aphorisms, such as: 
 
 “Choose well, cut well, get well” (Kirk & Winslet, 2001) 
“A good surgeon knows how to operate; a better one knows when to operate; 
and an excellent one knows when not to operate” (Kirk & Ribbans, 2004) 
 
The ability to make such decisions with ease and confidence is not an 
automatic consequence of the book learning and acquisition of basic clinical and 
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technical skills that form the backbone of the undergraduate curriculum. In the early 
years of practice of a junior surgeon, there is a clear gap between the textbook 
knowledge and clinical skills (which they acquired in preparation for their final 
undergraduate exams), and their ability to formulate an optimal plan of action with 
and for the patient. The advice and supervision they receive from their senior 
colleagues goes far beyond the taking over of complex surgical procedures outside the 
technical skill set of the newer trainee.  
 
In the preoperative setting, such advice is often directed at deciding the likely 
range of diagnoses, which investigations are preferred, and when/whether operating is 
appropriate in an individual case. Intra-operatively, once junior trainees have 
mastered the basic set of surgical skills such as suturing, knot tying, dissecting along 
planes, and creating anastomoses (joining one hollow viscus to another), they find that 
with appropriate intra-operative guidance and supervision they can carry out quite 
complex operations. However the ability to do so independently, despite knowledge 
of the steps in the procedure, lags behind. 
 
 With time and experience, a surgeon acquires the ability to integrate their 
existing knowledge and skills to make appropriate surgical decisions. The way 
knowledge is represented in the junior trainee and in the expert is qualitatively 
different, highlighted in a volume of surgical “think alouds” from experienced 
surgeons and trainees on common surgical problems, with commentary from a 
cognitive psychologist (Abernathy, 1994). It is contended that case knowledge is 
represented as “scripts”, which are better developed and more sophisticated in the 
more experienced surgeons. As the knowledge of trainee surgeons is reconfigured into 
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this more useful format and their decision-making ability develops, the goalposts for 
another important decision gradually shift – when to seek advice and help. The range 
of decisions they are able to make unassisted expands over time; with experience, the 
ease and confidence with which they make them follows. 
 
These simple points underline the fact that the stereotype of the surgeon’s role 
as practical technician (in contrast to the “thinking” role of the internal physician) 
denies the other crucial aspects of what makes a skilled surgeon: as DeBakey said,  "It 
became popular in recent years to divide medicine into cognitive and non-cognitive 
disciplines - a throwback to the schism between medicine and surgery in the Dark 
Ages, when use of the hands was demeaned and the status of surgery, and indeed of 
all medicine, declined significantly. But the labelling of surgery as a non-cognitive 
discipline is fallacious and totally unsupported by its history and achievements." 
(DeBakey, 1991) 
 
It seems that use of the brain as well as the hands has always been a necessary 
aspect of the surgeon’s role, and never more so than in current practice as 
technological advancements continue apace. New materials such as modern synthetic 
sutures, sophisticated orthopaedic prosthetics and vascular grafts have been 
introduced, and novel techniques have grown alongside new technologies including 
endoscopy, minimal access surgery and robotics. Parallel to these developments, 
many diseases whose management was once a strictly surgical preserve are now 
amenable to other treatment modalities, with the introduction of antimicrobials for 
sepsis, chemotherapy and radiotherapy for cancer treatment and the new specialty of 
interventional radiology. Never before has there been such an extraordinary choice of 
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alternatives to offer to patients, nor such a diverse range of decisions for the surgeon 
to make. In the following section, we consider some of the aspects of surgical 
decision making that render it unique, even in relation to other clinical specialties. 
 
1.1.2 What are the features of surgeons’ decisions?  
 
Decision making in surgery, as with other high-risk environments, has some 
distinctive characteristics. Decisions relating to non-operative management may be 
similar to decisions in other medical domains, but decisions relating to invasive 
procedures appear to have some special features. 
 
Firstly, such decisions may carry high stakes. For the patient, the potential 
consequences of an operation (in addition to the desired ones) may include disability 
or death. Operating without causing some harm is impossible, so in every decision to 
operate there is a trade-off between the likely benefit and the inevitable anatomical (as 
well as physiological and even psychological) damage caused to the patient as a 
primary consequence of the surgery itself.  
 
Secondly there are the results of any complications, which may be difficult to 
predict for any individual patient, but tend to have a relatively predictable incidence 
overall. In other words, surgical decisions are associated with uncertainty about their 
outcomes at the level of the individual patient. For example, elective open repair of 
abdominal aortic aneurysms has a mortality of up to 7% in some institutions (Hertzer 
NR. 2006). At the same time, an aging population brings new challenges for surgeons; 
these relate to the increased co-morbidities of typical surgical patients, potentially 
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narrowing or even reversing the risk to benefit ratio for operating on what would 
normally be considered a “surgical” pathology. 
 
A third special feature of surgical decisions is irreversibility. Patients may 
undergo a “trial of medical therapy” followed by withdrawal of the treatment if 
unsuccessful or if side effects are problematic, but it is apparent that once a 
laparotomy has been performed or tissue has been excised, this cannot be undone. 
Reversibility is a relative phenomenon: some aspects of an operation may be 
reversible, for example where a stoma has been created and the gut left in 
discontinuity, this continuity may subsequently be restored at a further operation. 
However, the excised portion of gut cannot be replaced, and the consequent scarring 
and adhesion formation cannot be restored to anatomical normality. This 
irreversibility is especially important given the high potential impact of operations on 
the short and long-term consequences to patients of operative procedures.   
 
Many operations contain steps which constitute “points of no return” – 
committing the surgeon to a series of further steps. Examples of this include 
devascularisation of any structure, necessitating its subsequent excision, or creating a 
discontinuity in any hollow viscus – for example if the gut is transected anywhere 
along its length, it must either be re-anastomosed or a stoma created. 
 
 Fourthly, unlike many other medical decisions, intra-operative decision 
making usually cannot be shared with the patient. Although operative details and 
likely findings can be discussed with patients preoperatively, significant procedures 
take place under general anaesthetic or with spinal/local block often in combination 
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with sedation. Patients are either unconscious or have impaired consciousness, with 
responsibility for operative aspects of decision-making resting with the primary or 
senior surgeon and their team. 
 
 Finally, surgical decisions may be time-pressured to differing degrees. Patients 
with life threatening conditions may need an urgent decision whether to operate. 
Patients should not be kept under anaesthetic for longer than necessary, which places 
a degree of time pressure on even routine elective procedures, and surgical 
emergencies such as haemorrhage may require immediate action. Other systemic 
pressures, such as a full outpatient waiting room in a late-running clinic, may exert 
time constraints even on decisions that lack clinical urgency. 
 
 With the increasing drive towards sub-specialisation, even experienced 
surgeons may find themselves dealing with patients whose pathologies they rarely 
encounter in their everyday practice, and may have to make another type of important 
decision – to seek advice and help. This decision is more familiar to junior trainees, 
who must recognise the limits of their own developing expertise and seek help 
appropriately in order to practice safely, and which may be considered as a moving 
target as their clinical competence develops. 
 
1.1.3 How do judgment and decision making relate to concepts of surgical 
competence?  
 
So far we have rejected the caricature of the surgeon as “unthinking 
technician”, but have not reviewed the evidence as to what are the key skills of 
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surgeons, and how judgment and decision making fit into them. Consultant surgeons 
have been shown to value many generic medical skills more highly than technical 
skills (Baldwin et al, 1999). The question of which skills surgeons need to acquire 
during training has led to a number of recent attempts to define core surgical 
competencies. For example, in one article the authors considered that surgical 
technical (operative) skill comprised judgment, knowledge and dexterity (Darzi & 
Mackay, 2001).  
 
Different academic and governmental groups have developed differing 
definitions of the aspects that they consider to be fundamental to surgical competence, 
and the debate has been ongoing in the surgical literature. Some of the difficulty in 
arriving at clear-cut domains important for surgical competency arises because many 
aspects are intimately linked and difficult to dissect out from one another.  
 
The Accreditation Council for Graduate Medical Education endorsed six 
general competencies for trainees in US residency programmes (ACGME, retrieved 
2008). The first of these is entitled “patient care”, within which it is specified that 
residents are expected to:  
 “make informed decisions about diagnostic and therapeutic interventions 
based on patient information and preferences, up-to-date scientific evidence, and 
clinical judgment”.  
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Similarly, equivalent criteria are set out by CanMEDS, a framework for 
essential competencies expected of physician specialists in Canada. The framework is 
divided into seven main headings, the first being “Medical Expert”. This is broken 
down into subheadings as follows: 
 
1. Basic science knowledge 
2. Clinical knowledge 
3. Data gathering 
4. Choice and use of ancillary tests 
5. Soundness of judgment and clinical decisions 
6. Performance under emergency conditions 
7. Self-assessment of ability (insight) 
(Royal College of Physicians and Surgeons of Canada, 1996) 
 
Of these, both “choice and use of ancillary tests” and “soundness of judgment and 
clinical decisions” essentially relate to decision making. In addition, the degree of 
confidence in decision making (and whether this is well calibrated to reflect decision 
quality) is an essential aspect of insight.  
 
In Britain, the Postgraduate Medical Education and Training Board (PMETB) 
approved specialty-specific guidance for General Surgery (Postgraduate Medical 
Education and Training Board, approved 2005).The document opens with the 
statement that “Specialists must be judgment-safe”, a concept drawn from a document 
entitled “Securing Future Practice. Shaping the New Medical Workforce for Scotland” 
(Scottish Executive, 2004). 
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Six core competencies were described by PMETB: 
 
1. Good clinical care 
2. Relationships with patients 
3. Maintaining Good Medical Practice 
4. Teaching and Training, appraising and assessing 
5. Working with colleagues 
6. Probity and Health 
 
The opening section on good clinical care states that: 
“Specialists must take and accept responsibility for the patient’s journey in all 
clinical contexts. They will maintain high standards in clinical practice in their 
specialist field and be able to demonstrate strong analytic skills and insight in the 
clinical decisions they make about the treatment and care of patients.”  
 
 The common international emphasis on judgment and decision making in such 
statements underlines their importance as key aspects of clinical expertise. Yet to 
what extent is this emphasis on judgment and decision making reflected in 
postgraduate training? A more formal approach may be required in future, as a result 
of the postgraduate curricular changes described in the following section. 
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1.2 Learning surgical decision making 
 
1.2.1 Recent changes in surgical training 
 
Surgical training has traditionally been considered an apprenticeship, learned 
according to the Halstedian model (Barnes et al, 1989).  Learning requires feedback, 
and this was provided in two main ways. Firstly, direct feedback from patient 
outcomes provided a powerful and memorable learning experience; secondly trainees 
could compare their own decisions to those of their consultant, who would also 
provide explicit feedback. However, the training period was ill-structured, of variable 
length and quality and required an extremely intensive work schedule.  
 
In 1996 the Calman reforms  introduced a more streamlined and structured 
approach to surgical training, providing a six year programme in a given surgical 
specialty (Working group on specialist medical training, 1993). One effect of these 
reforms, in conjunction with other political movements to reduce excessive numbers 
of hours being worked, is that time available to surgical trainees to acquire expert 
technical skills and decision-making experience has been dramatically curtailed. 
Following the “Calmanisation” of surgical training, as well as the restrictions on 
junior doctors’ hours being implemented through the New Deal (NHS Management 
Executive, 1991) and the European Working Time Directive (Department of Health, 
retrieved 2008), the time available within which surgeons must complete their training 
has reduced in both overall length of training, to 8 years, and in number of hours per 
week, to 48. Based upon the 46-week working year, this equates to 17, 664 “contact 
hours”, or a reduction in exposure time of over 50% (Scottish Executive 2004). 
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 An additional effect of these changes is that working patterns have been 
reformed with an inexorable change towards shift systems. One major disadvantage of 
such systems is the associated loss of continuity of care. This not only affects the 
patients’ care experience, but also the trainee’s learning experience, as there is loss of 
feedback about the management decisions they are making. This applies not only in 
terms of loss of direct outcome feedback from observing their patients’ progress, but 
also to peer/senior feedback, as the shift system frequently does not allow for 
presence on the post-take ward round to receive feedback from seniors and peers. 
 
 Changes to the structure of postgraduate surgical training continue. 
Modernising Medical Careers (Modernising Medical Careers, retrieved 2008) has 
abolished the traditional house officer and senior house officer roles, replacing them 
with a two-year initial foundation programme, followed by run-through training in the 
specialty of choice, leading to even shorter overall training times. In addition, 
postgraduate surgical training in the UK now has a defined postgraduate curriculum 
for the first time in its history. The Intercollegiate Surgical Curriculum Project (2005) 
sets defined competencies, within the framework described in an earlier section of this 
chapter. In terms of technical skills development, structured assessment tools such as 
OSATS (Martin et al, 1997) and hand motion analysis tools such as ICSAD (Datta et 
al, 2001) are available, and it is predicted that simulators will increasingly be used for 
training outside the operating theatre (Champion & Gallagher, 2003). However, 
training tools and assessment methods require development to evaluate performance 
in the key areas of surgical judgment and decision making. One recent advance is the 
NOTSS system (Yule et al, 2006), a behavioural rating system developed by a 
multidisciplinary group of surgeons, psychologists and anaesthetists to address 
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explicitly surgeons’ non-technical skills in training - such as decision making, 
leadership and teamworking. 
 
1.2.2 The Intercollegiate Surgical Curriculum Project (ISCP) 
 
 The development of a competency-based post-graduate curriculum for 
surgeons in the UK is under way under the umbrella of the Intercollegiate Surgical 
Curriculum Project (2005). This is the first time a national post-graduate curriculum 
has been formalised for surgery in the UK. It has used an adaptation of the CanMEDS 
model (Royal College of Physicians and Surgeons of Canada, 1996) as a framework. 
The following definition of a CanMEDs “medical expert” has been put forward by the 
project: 
 “Surgical consultants possess a defined body of general and specialist 
knowledge and procedural skills, which are used to collect and interpret data, make 
appropriate clinical decisions, and carry out diagnostic, therapeutic and/or surgical 
procedures. Their work must be up-to-date and whenever possible evidence-based, 
ethical and cost-effective. Clinical practice depends upon effective communication in 
partnership with patients, other healthcare providers. The role of surgical 
expert/clinical decision-maker is central to the function of consultants, and 
draws on the competencies included in the other roles.” (Royal College of 
Physicians and Surgeons of Canada, 1996) 
 This is linked explicitly in their documentation to several aspects of “Good Medical 
Care” as defined by the GMC (Good Medical Practice, 2001), namely “providing a 
good standard and practice of care”, “keeping up to date” and “maintaining your 
performance”.   
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It is proposed in the new curriculum (Intercollegiate Surgical Curriculum Project) that 
progress through the stages of surgical training is to be charted under an overarching 
philosophical framework (shown in Figure 1.1 below) which lays out explicit 
standards in each module for: clinical judgment, technical and operative skills, 
specialty-based knowledge and generic professional skills.  
 
Figure 1.1 Framework for the Intercollegiate Surgical Curriculum Project 
 The proposed model of training and framework for assessment places heavy 
emphasis on the role of judgment and decision making as key competency domains 
for a surgeon to acquire. This mirrors a recent shift in focus of the clinical literature 
on competency from purely technical (motor) skills to non-technical skills. These 
were defined in a recent review as “the critical cognitive and interpersonal skills that 
complement surgeons’ technical skills” (Yule et al, 2006). The “core” categories of 
non-technical skills identified for surgeons in the operating room were 
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communication, teamwork, leadership and decision making. The majority of the 
development of these skills occurs in the workplace, in the course of delivering care to 
patients. Clearly good judgment and decision making are essential for surgical 
competence. Current training relies on acquisition of these skills by experience, 
without formalised feedback; yet are these skills assimilated as well as it is often 
assumed?  
 
1.2.3 Informal feedback mechanisms 
 
Decision making and other non-technical skills have not traditionally been 
addressed explicitly in surgical training, rather being left to develop over time in an 
informal and tacit manner. Though not necessarily formalised as such, a number of 
existing structures are in place for providing feedback on clinical decision making. 
These range from the relatively informal clinical supervision of junior surgeons 
through to structured processes at an organisational and even national level, and are 
described in what follows. 
 
  The majority of decisions about the care of surgical inpatients are taken during 
the daily morning ward round, often led by the registrar, with consultant input 
traditionally having taken place weekly, though greater frequency is now usual in 
current care. Evaluation of outpatients and emergency cases that arise (either new 
admissions or emergencies arising in existing inpatients) are normally assessed and 
managed initially by a junior team member. The hierarchical nature of the surgical 
team structure allows for each junior member of staff to discuss difficult decisions 
with their immediate senior on the team. This relies on the member of staff to use 
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their discretion as to when discussion and taking advice, with “upward delegation” of 
responsibility for the clinical assessment and decision to a senior colleague. This 
relies on adequate insight on the part of junior surgeons into the boundaries of their 
own competence and expertise. 
 
Likewise, having the responsibility for supervision of more junior staff may 
lead those in senior grades to initiate discussion of patient management decisions with 
their juniors in a “downwards” route to ensure safe treatment is in progress. The 
consultant provides overall supervision to the surgical team as a whole, and the 
consultant wards round provide an opportunity for senior review of all management 
decisions. Discussions on these formal ward rounds as well as informal case 
discussions both over the telephone, on the wards and in the operating theatre form a 
large proportion of the existing (unstructured, informal) teaching of decision making 
in surgical practice. However, in addition to these informal processes described, there 
are some formal structures in place that provide some information about the quality of 
decision making. 
 
1.2.4 Formal feedback mechanisms  
 
There are a number of existing formal structures/organisations in place which, 
with differing degrees of directness, scope of focus and academic rigour, have a role 
in monitoring and providing feedback on surgical decision making. In addition, there 
is some relevant published academic research suggesting room for improvement in 
clinical decision making. Amongst this are studies of diagnostic error, and adverse 
event studies examining patient safety incidents. 
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The most common local forum for evaluation of clinical decisions occurs on a 
departmental (or hospital wide) basis at the institution known as the “Morbidity and 
Mortality meeting” (Bosk, 2003). Typically, routine clinical activities are cancelled 
for a half-day monthly meeting in which any serious complications or patient deaths 
are presented and discussed. A further mechanism for the investigation of negative 
outcomes is the process of incident reporting. This is operational at both an 
institutional level and a national level with the recent introduction of the National 
Reporting and Learning System (National Patient Safety Agency, 2007), a process for 
gathering hospital incident reports nationally in the UK, with the intention of pooling 
data and disseminating knowledge about clinical incidents to improve practice. The 
introduction of audit as a compulsory clinical activity has provided an additional layer 
of monitoring of clinical decisions, and its focus can also range from very local small 
scale projects undertaken by individuals, to large national projects including those 
undertaken by government funded organisations such as NCEPOD (National 
confidential enquiry into patient outcome and death, retrieved 2008). 
 
These various formal structures that may play a part in providing feedback on 
the quality of surgical decision making are outlined in Table 1.2 below. All of the 
sources of data described may shed some light on the effectiveness and quality of 
surgical decision-making, and highlight possible areas of deficiency yet this is not the 
explicit primary function of any of them. In what follows, a brief critique of the 
usefulness and limitations of each type of structure is presented with respect to 
providing feedback on whether existing surgical judgment and decision making are of 
an acceptably high standard. 
 28 
Table 1.2 Formal structures that may have a role in providing feedback on surgical decision making 
Source Type Example(s) Main focus Relevance to surgical decision making Limitations 
Morbidity and 
mortality 
meetings 
Not usually 
published 
Discussion of surgical 
complications and deaths at a 
local level 
Allow opportunity for discussion of 
decisions leading up to adverse event. 
Useful narrative content and can provide 
valuable learning opportunities 
Only identify small 
proportion of adverse 
events (Thompson & 
Prior, 1992); subject to 
hindsight bias 
Local incident 
reporting 
system data 
Not usually 
published 
Identifying adverse events and 
near misses in clinical care at 
a local level; feeding back to 
clinicians 
Errors in judgment and wrong decisions 
about patient care could be reported and fed 
back to clinicians via local reporting system 
Decision making aspects 
may not be reported 
consistently. Not collated/ 
published. Confidential. 
Local audits Not usually 
published 
Identifying and improving 
standard of care in local 
hospitals 
Audits of process usually compare actual 
local decisions/practice to gold standards. 
Often small/brief. Explicit 
guidelines required. 
Departures from these 
may not constitute 
decisions 
National 
reporting 
system (NPSA, 
retrieved 2008) 
Report on deaths 
due to diagnostic 
error 
Pool and report anonymized 
data from local incident 
reporting systems and feed 
back on a national level 
Categorized as to whether due to arising in 
the phases of information search (eliciting 
clinical findings/arranging tests), 
interpreting that information to reach a 
diagnosis or due to other causes 
Difficulties with capturing 
cognitive errors in incident 
reports, data quality issues 
Scottish Audit of 
Surgical 
Mortality 
(retrieved 2008) 
Audit of all surgical deaths in 
Scotland 1994-2002 
40-80 deaths per year due to patients 
receiving the wrong operation; delay in 
making decision to transfer implicated in 
further deaths each year. 
Retrospective analysis – 
hindsight bias. Feedback 
at national not individual 
level 
National audit 
projects 
AAA: A service 
in need of 
surgery? 
(NCEPOD 2005) 
Identify problematic areas in 
clinical practice and make 
recommendations for 
improvement  
27 references to word “decision”. 
Highlights difficulty of decisions about 
major emergency surgery on elderly 
patients, and impact of a dedicated vascular 
on-call rota on treatment decisions 
Focus is on general issues 
relating to service 
improvement. Limited 
detailed data on decision 
making 
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1.2.4.1 The morbidity and mortality meeting 
 
 Bosk described the Morbidity and Mortality Conference as “a form of 
retrospective peer review” (Bosk 2003). He goes on to describe the process followed 
the meeting in detail: 
“At the beginning of the meeting, an agenda is circulated. The agenda lists the order 
of case presentations . . . and the reason for presentation at the conference (either 
death or a specific complication). . .case presentation is the play-by-play commentary. 
The subordinate begins and gives a case history. However, his job does not end here. 
He is on stage to answer questions about the propriety of his behaviour until either his 
superordinate steps forward to give an interpretation of the clinical history and an 
explanation of nodal choices, or until another superordinate directs a question to his 
colleague.” When describing episodes of (potentially suboptimal) care, clinicians of 
all levels of superiority are required to don a metaphorical “hair shirt.” 
 
Although some critical review of decision making as well as other aspects of 
care may be included in discussion at such meetings, the Morbidity and Mortality 
meeting has a number of limitations with respect to its usefulness for providing 
feedback on surgical decision making. 
 
Firstly, too narrow a range of cases in which adverse events have occurred are 
included, usually on a case by case basis at the discretion of the responsible clinical 
team. The numbers of cases identified for inclusion compare poorly to other methods 
of adverse event detection. For example on one study, only 74% of events identified 
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by occurrence screening and 35% of cases identified by surgical case review had been 
submitted to the morbidity and mortality meeting (Thompson & Prior, 1992). 
 
In addition, by only selecting cases in which an obvious complication has 
arisen, only clinical decisions with negative outcomes are considered. We should not, 
however, evaluate a decision by its outcome in a risky environment such as a surgical 
one, where outcomes are only probabilistically linked to decisions taken - because a 
“good” decision may still be associated with a “bad” outcome and vice versa. The 
corollary to this is that the meeting does not seek to identify those sub-optimal clinical 
decisions in which the outcomes were nonetheless (fortunately) positive and desirable. 
 
In addition to this limitation, there are significant difficulties in the objective 
evaluation of clinical decisions in such a setting where the negative outcome is 
known, as hindsight bias– the tendency for people to “consistently exaggerate what 
could have been anticipated in foresight” (Fischhoff 1975) – is virtually impossible to 
eliminate. Finally, Morbidity and Mortality meetings have been criticised for an 
emphasis on outliers and faultfinding, so as such do not provide an ideal forum for 
constructive communication about learning from poor decisions (or from good ones). 
Some have argued that the presence of senior staff at such meetings “inhibits frank 
discussion among house staff of the possible role of errors in bad outcome” (Volpp & 
Grande, 2003) 
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1.2.4.2 Clinical incident reporting 
 
Local incident reporting also has its limitations as a window onto the quality 
of surgical decision making. Firstly, the forms used are designed to capture an 
enormous variety of differing types of patient safety incidents, and their format does 
not necessarily lend itself to ease of reporting of these types of “cognitive errors”, 
which may be largely invisible (Ridderstolpe et al, 2003). In addition, decision 
making itself may be regarded by potential reporting staff as an extremely personal 
activity, rendering them more reluctant to report substandard decision making; in 
addition the “correct” decision in any particular clinical situation may be far from 
clear cut, providing another deterrent to the reporting of a particular decision deemed 
unsuitable by another member of staff. In practice, the negative consequences 
(outcomes) of decisions may be reported, but the “near miss” of a poor decision 
whose outcome turns out to be adequate is likely to be ignored in terms of reporting. 
Next there is the question of who completes the incident reports: the vast majority are 
completed by nursing staff, who may be unwilling or unable to comment on clinical 
decisions by surgeons. Finally the resulting feedback may well arrive too late to be 
useful as feedback on decision making – for example after trainee staff have moved 
on to different hospitals – or may not reach the relevant clinical teams at all. 
 
1.2.4.3 Clinical audit 
 
Local audit projects are frequently undertaken as part of clinical activities, but 
are rarely published, though may be reported locally. Larger scale projects are more 
often available in the public domain; for example, Scottish surgery underwent a large-
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scale process of audit of all surgical deaths over a period of 9 years (Scottish Audit of 
Surgical Mortality, retrieved 2008). An average of 4500 deaths occurred annually, and 
results were subsequently published. When the notes from patients who had died were 
analysed retrospectively, it was found that between 40 and 80 deaths per year in 
Scotland were attributable to patients having undergone the wrong operation – not 
through the types of unconscious errors which allow wrong-site surgery to take place, 
or the operation to be carried out on the wrong patient, but because the operation 
selected was deemed not to have been the most appropriate one – clear-cut errors in 
decision making (though potentially subject, once again, to hindsight bias). 
 
Finally, large population studies of surgical outcomes are undertaken by 
NCEPOD. The most recent surgically focussed report was published in 2005, entitled 
“AAA: A service in need of surgery?” (NCEPOD 2005). Data were collected from 
clinicians via questionnaire relating to 884 adults with Abdominal Aortic Aneurysms 
undergoing surgery for the first time, including elective, emergency and endovascular 
cases, as well as those who presented with AAA and were not operated on, but rather 
provided with palliative care. This particular report contained 27 separate references 
to the word “decision”, acknowledging that “decisions about major emergency 
surgery on elderly people are extremely difficult”. One particular finding of interest 
was that the treatment decision between operative or palliative care for ruptured AAA 
was influenced by whether there was a dedicated vascular on-call rota in operation. In 
addition, four out of eleven patients - who had previously been declined for 
emergency repair but were operated on in the emergency setting when their aneurysm 
ruptured - survived and left hospital within 30 days. 
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NCEPOD, like the morbidity and mortality meeting, is focussed on all 
potential contributors to negative outcome, not just the human factors. In the 
NCEPOD context, however, the analysis of outcomes is on a national scale, and 
focussed on particular clinical issue. Information relating to deaths may, however be 
relayed back to clinicians in a more local and immediate way – via the post mortem. 
 
1.2.5 The post mortem 
 
Literature on errors in healthcare can provide insight into some of the 
problems related to clinical decision making. Of the aspects of the clinical process 
that are not only clearly linked to decision making, but also have been the focus of 
some detailed empirical studies of error, the process of diagnosis is perhaps the best 
example. Most notably, work by Elstein has estimated the rate of diagnostic error to 
be approximately 15% (Elstein, 1995).  
 
Several papers have addressed the question of diagnostic error by comparing 
working diagnoses with definitive post mortem diagnoses determined at autopsy. 
(Coombes et al, 2004, Graber et al, 2005). One such study compared clinical and 
autopsy diagnoses from an intensive care unit prospectively over three years, finding 
694 clinical diagnoses on 167 autopsied patients that could be verified at post mortem 
(ie excluding diagnoses such as functional renal failure or cardiac arrhythmia) 
(Coombes et al, 2004). 4.8% of these clinical diagnoses were refuted, and 171 
additional diagnoses were missed by the intensive care physicians but discovered at 
autopsy. 
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Another study used a retrospective design to examine the relative 
contributions of system-related and cognitive components to diagnostic error (Graber 
et al, 2005). One hundred cases were identified through autopsy discrepancies, quality 
assurance activities and voluntary reports. They divided errors into no-fault errors, 
system-related errors and cognitive errors, finding that in 46% of cases both system-
related and cognitive errors contributed to diagnostic error, implicating multi-factorial 
origin. Cognitive errors were subdivided into faulty knowledge, faulty data gathering 
and faulty synthesis, of which by far the most common was faulty synthesis (264 
instances out of 320 cognitive errors, as compared to faulty data gathering in 45 
instances, and (interestingly) faulty knowledge/skills in only 11). The authors stated 
that “the single most common phenomenon was premature closure: the tendency to 
stop considering other possibilities after reaching a diagnosis”. The authors discussed 
the difficulty in ascertaining how a given diagnosis was reached, and the “limited 
ability to detect the other factors that likely affect many clinical decision making 
situations, such as stress, fatigue, and distractions.”  
 
1.3 Surgical decision making under scrutiny 
 
Modern surgical practice is undergoing a period of transition, with a drive 
towards evidence-based surgery. In addition, recognition the impact of medical error 
and the occurrence of iatrogenic patient harm is increasing. Clinical governance has 
been introduced, and initiatives to understand medical error and improve patient 
safety are ascending the international political and research agenda. All of these 
changes to modern surgery would benefit through being informed by a clearer 
understanding of surgical decision making, in ways which will be described below. 
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1.3.1 Evidence based medicine and the “decision gap” 
 
The drive to practice in an evidence-based fashion has undoubtedly led to 
improvements in the quality of care. Clinicians are encouraged to think critically 
about their own practice and adopt management strategies that have been shown to be 
more effective. The public assumption is that clinical decisions are made in a logical 
and reproducible manner based on evidence from published scientific literature. Yet 
this assumption is untrue: whilst surgeons may have embraced the concepts 
engendered in evidence based medicine, it has been stated that only 4% of medical 
decisions are based on strong evidence from clinical research studies (Field & Lohr, 
1992), and 45% have no evidence from clinical studies – these have been labelled as 
“gray-zone decisions” (Larsen, 1996). This may be simply due to the unavailability of 
evidence – for example the conduct of randomized double-blind controlled trials 
carries particular difficulties in surgery. However, even where evidence is available, 
its application to an individual patient’s case, taking into account not only their 
specific set of co-morbid conditions but also their personal preferences, is extremely 
difficult (Lohr, 2004). 
 
1.3.2 Clinical governance and the impact of patient safety concerns 
 
One major recent cultural shift has been the introduction of clinical 
governance. This concept has been introduced to maintain and enhance standards of 
clinical care, and help with the provision of accountability. Its central goals are to 
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ensure     -    that systems to monitor the quality of clinical practice are in place and are 
         functioning properly 
- that clinical practice is reviewed and improved as a result 
- that clinical practitioners meet standards, such as those issued by the 
national professional regulatory bodies 
(NHS Clinical Governance Support Team, retrieved 2008) 
 
 For surgeons, this means a contractual obligation to engage in audit, and to 
critically evaluate and drive improvement in the services they deliver. In addition to 
the requirement for such “internal” monitoring, demand for public accountability has 
become apparent, as evidenced by publication of morbidity and mortality figures for 
individual surgeons and units. (The Lancet, 2005) The performance of surgeons is 
now under scrutiny to an unprecedented extent. Maintaining ongoing audit processes 
as a form of monitoring performance is a key requirement for senior clinicians. 
 
This has arisen in parallel to marked changes in the ways doctors and patients 
interact. Historically, the doctor-patient relationship has been an unbalanced one. The 
doctor, whose privileged access to a body of medical knowledge was one of the 
defining markers of their professionalism, was regarded as having authority beyond 
question and unimpeachable integrity. The move towards patient-centred care, 
together with greater availability of information, has led towards a shared approach to 
making clinical decisions where possible, with an emphasis on the importance of 
effective communication to facilitate this process (Royal College of Physicians, 
2005). Many patients are increasingly empowered to question their doctors’ 
reasoning, and the expectation of accountability is at the forefront. Such an 
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expectation is unsurprising given the recent rise of the patient safety agenda and the 
accumulation of evidence that many patients are in fact harmed by healthcare 
(Vincent 2006). 
 
Although the systems approach to understanding organisational accidents has been 
powerfully endorsed by several important reports including the influential Institute of 
Medicine Report “To Err is Human”, (Institute of Medicine, 2000) emphasis has 
begun to shift away from this “blunt end” towards equipping practitioners at the front 
line – those with direct patient contact – with the skills and tools they need to avoid 
error where possible, and detect and mitigate it where it does occur. 
 
In individual instances in which professional judgment and decision making are 
found wanting and adverse events occur, consequences for patients and their families 
can be devastating (Vincent et al 2001). In addition, if a legal framework is invoked, 
sanctions against individual surgeons and/or hospital trusts can be severe, though 
recently approaches to compensation have shifted from a “malpractice” model to a 
“no fault” model (Sharpe, 2004). 
 
1.4 Summary 
 
This chapter addressed the importance of decision making within the surgical 
context. The current postgraduate educational climate, within which decision-making 
skills are acquired, was outlined. The impact of current changes was described, both 
in terms of patterns of work, and also implementation of curricular changes. In 
addition, some sources of data were presented that support the argument that surgical 
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decision making could potentially be improved, and is therefore a topic worthy of 
research interest.  
 
 Yet surgical domain does not have a well established tradition of research in 
this field.  Instead, it is necessary to look outside surgery itself, and indeed outside 
medicine, to identify the relevant research base. A more thorough understanding of 
surgical judgment and decision making may be achieved through critical appraisal and 
extrapolation of the wider literature on decision making, and also through basic 
applied research on the judgment and decision making of surgeons, using surgeons as 
subjects in experimental and other empirical studies.  
 
In the following chapter, a broad overview is presented of principal findings 
about human judgment and decision making in general. I then attempt to assess which 
aspects of this body of research are likely to be applicable to surgery. In addition, 
methodologies of most relevance to this thesis are described. (An additional 
theoretical section on principles of adult learning is presented in the introduction to 
Chapter 9, which describes empirical work related to developing an educational 
programme/ materials.) 
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Chapter 2: Existing decision research and methodologies for the thesis 
 
“Judgment and decision making are of critical importance, and the fact that it is 
possible to study them in a scientific, empirical manner is a new and exciting event in 
the recent history of science” (Connolly et al, 2000) 
 
2.1 Introduction 
 
Scientific articles are available from the fields of cognitive psychology and the 
behavioural sciences, as well as from the field of economics, on human decision 
making. These provide the necessary grounding from which to assert basic principles 
about human decision making in general, to generate appropriate hypotheses, and to 
select suitable methodologies for enquiry. However, the notion that judgment and 
decision making may be studied empirically (let alone experimentally) is not a 
familiar concept to most surgeons. This chapter provides an overview of the essential 
background theoretical and methodological approaches underpinning the study 
designs and experimental data described later in the thesis. 
 
 This chapter is divided into four sections. The first of these provides some 
basic definitions of terms central to the thesis. The second section outlines the major 
theoretical perspectives from which decision research has been conducted, and seeks 
to present an historical overview of the field. This overview is selective, focussing 
only on the most important theoretical developments that shaped the judgment and 
decision making research agenda, and linking them where appropriate to clinical 
scenarios or settings. 
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 The third section presents the most relevant theoretical approaches and 
generalised findings for surgical judgment and decision making. This section is again 
selective, and where possible, theory is demonstrated using applied research findings, 
or if none are available, examples of how the theoretical approach relates to clinical 
practice. 
 
 The final section describes in detail the methodological approaches taken in 
the thesis, with justification for their selection and appropriateness for the question 
each seeks to answer. Two main groups of research methods are discussed: qualitative 
research methods and structural (statistical) methods. Strengths and weaknesses of 
each approach are outlined. 
 
2.1.1 Research on judgment and decision making 
 
There is a substantial established body of theory and experimental research 
into the psychology of decision making and the related field of problem solving, and 
the cognitive processes they involve. In addition, there is a related literature on the 
nature of expert performance. Research into these areas has been published for the 
most part in a number of dedicated journals, such as the Journal of Behavioural 
Decision Making, Organizational Behaviour and Human Decision Processes, the 
Journal of Risk and Uncertainty, and Group Decision and Negotiation. Articles on 
decision support may be published in a dedicated journal (Decision Support Systems) 
and there is a specialist journal entitled Medical Decision Making, which includes 
articles not only on cognitive/behavioural aspects of decision making, but also formal 
decision analyses and cost-effectiveness analyses within healthcare provision. There 
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are a number of related areas of research, which fall beyond the scope of this thesis. 
These include detailed consideration of logic as well as reasoning.  
 
The focus of this thesis is on the related but distinct concepts of judgment and 
decision making. In order to discuss theoretical perspectives, it is necessary first to 
define the fundamental terms and concepts clearly. In what follows, some key terms 
are explored and assigned definitions for the remainder of the thesis. In addition, the 
conceptual framework for decision research, encompassing three main perspectives, is 
set out. 
 
2.1.2 Definitions of terms used in the thesis 
 
Judgment and decision making are words used in everyday conversation. 
However, many relevant terms within the lay vocabulary carry more specific 
meanings when used in an academic context. Particularly with respect to cross-
disciplinary work such as that contained in this thesis, terms require precise definition; 
table 2.1 below provides such definitions, together with their sources. The terms 
included in the table are discussed where appropriate in the text below, to highlight 
and eliminate potential sources of confusion relating to their use. 
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Table 2.1 Definitions of some important terms used in the thesis 
 
 
Term Definition Source 
Decision 
making 
How people make choices among 
desirable alternatives 
Edwards (1954) 
Judgment* The forming of an opinion, estimate, 
notion, or conclusion from circumstances 
presented 
Dictionary.com (retrieved 
2008) 
Risk (exposure to) the possibility of loss, injury 
or other adverse circumstances 
OED (Simpson & 
Weiner, 1991) 
Uncertainty A thing of which the occurrence, 
outcome, etc., is uncertain (ie not fully 
determined or fixed) 
OED (Simpson & 
Weiner, 1991) 
Cue A feature of something perceived that is 
used as an aid in the brain’s interpretation 
of the perception/ a stimulus that provides 
information about what to do  
OED (Simpson & 
Weiner, 1991) 
/Dictionary.com 
(retrieved 2008) 
Utility The condition, quality or fact of being 
useful or beneficial; (a measure of) that 
which is sought to be maximised in any 
situation involving a choice 
OED (Simpson & Weiner, 
1991) 
Rationality The fact of being based on reason OED (Simpson & 
Weiner, 1991) 
 
* Either spelling (judgment or judgement) is acceptable 
 
Each of these terms is discussed in a little more detail below.  
 
2.1.2.1 Decision making 
 
 The most important feature of decision making is the notion of choosing 
between alternative courses of action (or inaction) with a desired goal or goals in 
mind. The New Shorter OED (Oxford University Press, 1993) offers one definition of 
a decision as “coming to a determination or resolution with regard to any point or 
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course of action”. This link between decision making and action is important – 
decision making is the invisible psychological process of making choices that are then 
translated into activity.  
 
 The question of what constitutes a decision is discussed with clarity by 
Chapman and Niedelmeier (2001). They note that “intentional, planned, thoughtful 
behaviour form the basis of lay conceptions of decision making”. It is this lay 
perception that is the meaning of decision making adopted for this thesis. (It is noted, 
however, that some time-pressured surgical decisions – for example during an intra-
operative crisis – may be more “intuitive” in nature, and better described by different 
models).  
 
 For the surgeon, such “thoughtful” decisions will include whether or not to 
operate in with the goal of optimising both length and quality of life for each 
individual patient. The trainee surgeon may have additional (and at times perhaps 
conflicting) goals: to increase the number of procedures in their logbook; to get some 
sleep whilst on call; to be perceived as competent and effective in their role by their 
surgical peers and supervisors in order to promote their own career progression. More 
senior surgeons have a similar range of additional goals that may include optimising 
service provision at the organisational level, balancing the needs of individual patients 
with those of the local community of patients as a whole.  
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2.1.2.2 Judgment  
 
 In this thesis, judgment is used as a term to indicate a pre-decisional process of 
evaluating or weighing up the options available. Designers of the Intercollegiate 
Surgical Curriculum Project (2005) have incorporated judgment as a key part of their 
framework defining the development of surgical expertise and a looser definition is 
appropriate in this context, in which judgment is an attribute or quality: the possessor 
of good judgment is one who makes sound decisions. When used as part of the term 
“judgment analysis”, it indicates use of a specific methodological approach, which 
will be described in more detail later in the chapter. 
 
2.1.2.3 Risk 
 
 Risk may be thought of as the likelihood/probability of a negative 
consequence, conveying information about the frequency of occurrence of that 
consequence, or it may be thought of as the actual negative consequence under 
consideration (communicating information about the “severity” of the outcome state – 
for example death would be considered to be a greater risk than increased length of 
hospital stay). Commonly when used in lay or medical contexts (for example 
discussing the risks of an operation), these two qualitatively different concepts are 
conflated into a single one – ideas of the “riskiness” of a procedure may convey 
information not just about the probability of a particular set of negative outcomes, but 
also the perceived severity of those outcomes. For example, two operative procedures 
may both be described as “risky” if one procedure carries a very small but definite 
risk of death, and the other has much more frequent but much less serious 
 45 
complication. However, in the experimental chapters in this thesis, the word “risk” is 
used solely to convey the probability of an outcome, either objective (evidence based) 
or subjective (judgment based). The desirability or otherwise of outcomes are 
considered conceptually separately under the term “utility”, discussed later.  
 
Therefore “decision making under risk” refers to making decisions in which 
the option chosen is linked probabilistically to the outcome – which is typically the 
case for surgical decisions. For example, in a patient with an abdominal aortic 
aneurysm, there is a decision to be made as to whether to operate. If the patient is not 
operated upon, there is a probability of continuing to live without symptoms, and also 
a probability of aneurysm rupture and death. If the aneurysm is operated upon, again 
there is a probability of full recovery and ongoing health, as well as a probability of 
morbidity and also mortality. 
 
2.1.2.4 Uncertainty 
 
 Although the probabilities of differing surgical outcomes may be known with 
accuracy at the level of patient populations, at the level of the individual patient with 
their personal set of co-morbidities and technical surgical challenges such 
probabilities are frequently not known with any precision. This is “decision making 
under conditions of uncertainty”, where outcomes are probabilistic, but the 
probabilities are unknown. 
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2.1.2.5 Cue 
 
 In decision making terms, the word “cue” means any perceived feature or 
stimulus that is used to understand the situation and/or provides information about 
what to do. In the surgical context, the term cue refers to perceived aspects of the 
clinical situation, interpreted using the surgeon’s knowledge and prior experience, that 
provide the inputs into their clinical decisions. Surgical cues may be perceived 
through any of the senses, from visual cues – the colour of the patient, the rapidity of 
their respiration, or (in the operating theatre) the view of the operative field to 
recognise normal and abnormal anatomy – directly for open surgery, and via a 
monitor for laparoscopic and endoscopic procedures. Similarly tactile information 
from the feel of tissues can form essential cues intra-operatively, for example when 
using the fingertips to identify structures, as well as during clinical examination. 
Relevant clinical cues may also be auditory, including verbally communicated 
information from the patient and colleagues as well as clinical findings such as the 
presence or absence of bowel sounds. Even olfactory cues have a role, such as the 
fetor oris (particular smell on the breath) of some patients with appendicitis, and the 
distinctive unpleasant odours of certain bacterial infections. 
 
2.1.2.6 Utility 
 
 The terms utility refers to a measure of the value of an outcome state after a 
decision has been made. When considering financial gambles, the utility is easy to 
quantify in pounds and pence. Health outcome states are more difficult to quantify; in 
the simplest of analyses, perfect health may be considered to correspond to a utility of 
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1, and death to a utility of zero. However, there are many complexities to assigning 
utilities to health outcomes, including the very personal values that individuals assign 
to different health states. 
 
2.1.2.7 Rationality 
 
 The final term to define is that of rationality. The lay definition relates to the 
quality of possessing reason (of a person) or the fact of being based on reason (of a 
decision). The stricter definition that a decision analyst would use relates to whether a 
decision maker who must make a risky decision adheres to the choice yielding the 
highest “expected utility” in formal mathematical terms (see section 2.2.2 below), 
defining which choices may be considered to be rational.  
 
 However, a social psychologist might use the term “rational” in a much 
broader sense, taking into account many other contextual features and personal issues 
that an individual may consider important in a decision, allowing greater scope for 
describing a person or a decision as being rational (Dawes, 1988). 
   
 Having defined some relevant terms for the purposes of the thesis, a more 
technical discussion of the existing body of literature on decision making follows. The 
next sections of this chapter outline the three main perspectives from which decision 
research (both outside healthcare and within it) has been conducted, followed by a 
selective overview of the most important developments in the field. 
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2.2 Perspectives on decision research  
 
Decision research has traditionally focussed on three main perspectives. The first 
is the normative approach, which asks how decisions can best be made. In decision 
making under conditions of risk, “expected utility theory” (von Neumann & 
Morgenstern, 1944) - described in more detail below - is the normative theory of 
choice. Decision analysis utilises this theory in a formal mathematical process by 
which specific decisions can be optimised. Probabilities of differing outcomes under 
certain choices are combined quantitatively with utilities assigned to these outcomes 
to delineate an optimal, “rational” choice (von Winterfeldt & Edwards, 1986). 
 
Second is the descriptive approach, which asks how decisions are actually made, 
rather than focussing on “ideal” decision making. Much of this research contrasts 
actual decision strategies with the normative approaches described above, and 
discrepancies and biases are identified (the “heuristics and biases” approach (Tversky 
& Kahneman, 1974), described further in section 2.2.2 below). A different strand of 
relevant work falling under the “descriptive” category has arisen from applied 
decision research in other dynamic, high stakes settings (such as firefighters, pilots, 
corporate executives as well as physicians) has given rise to concepts collectively 
known as Naturalistic Decision Making. This has been defined as “the way people use 
their experience to make decisions in field settings.” (Zsambok et al, 1997). The focus 
tends to be on expert decision making in the real world. A number of descriptive 
models that have been developed within this paradigm are likely to be appropriate for 
describing surgical decision making.  
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Prescriptive models of decision-making form the third approach, and are 
concerned with how decision making may be improved. In what follows, the 
important theoretical developments falling under the normative and descriptive 
research perspectives above will be outlined in a selective historical overview of the 
field of decision making research, with the relevance to surgery discussed at each 
stage. 
 
2.2.1 Normative approaches  
 
 Before it is possible to understand decision making under conditions of risk, it 
is first necessary to understand the nature of probability – a relatively recent event in 
the history of science. A crucial development was made by the Reverend Thomas 
Bayes in the 18th Century, when he became the first mathematician to use probability 
inductively. In his writing, "An Essay towards solving a Problem in the Doctrine of 
Chances” (Bayes, reproduced 1991), he established a mathematical basis for 
probability inference (a means of calculating, from the number of times an event 
has/has not occurred, the probability that it will occur in future). As a statistical 
inferential approach, it is often contrasted with frequentist approaches, in which 
probability is derived from observed distributions in samples or populations – the 
approach taken by the majority of the medical academic literature, despite some 
inherent limitations (especially with respect to assertions of statistical significance) 
which may be addressed by Bayesian methods (Matthews, 2001). 
 
 The particular strength of Bayes' theorem is that it tells us how to update or 
revise beliefs in light of new evidence – so-called “conditional probabilities”. Despite 
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the abstract nature of the formal mathematical theorem, Bayes work has direct 
relevance to clinical medicine, especially the diagnostic process. If the prior 
probability of a given diagnosis in known, together with the sensitivity and specificity 
of the test in question, the impact of the new information on the conditional 
(posterior) probability may be formalised mathematically. Critically, the impact of the 
new information is dependent upon the pre-existing likelihood of the disease. This 
concept is essential for identifying appropriate target populations for screening 
programmes, and forms the basis of many computerised decision aids and artificial 
intelligence programmes.  It is also essential in the correct interpretation of diagnostic 
tests, as demonstrated in a worked example of the diagnostic impact of an 
electrocardiogram (tracing of electrical impulses in the heart used in diagnosis of 
cardiological problems) in the context of two clinical presentations which convey 
differing probabilities of myocardial infarction (heart attack) (Gill et al, 2005). 
 
 Yet often in clinical practice the mathematical formalization of conditional 
probabilities may be impossible; even if the sensitivity and specificity of tests are 
known, there is a degree of subjectivity as to what constitutes the appropriate prior 
probability; population incidence provides one (relatively crude) measure.  
 
Attempts to understand human decision making received a major new impetus 
in 1944, when mathematician John von Neumann, and economist Oskar Morgenstern 
published their book entitled “Theory of Games and Economic behaviour” (von 
Neumann & Morgenstern, 1944). They provided a theory of decision making 
according to maximising expected utility. The most easily understood examples to 
illustrate expected utility theory are simple gambling situations (from Dawes, 1988): 
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“Take the example of a choice of two gambles  
(a) with probability .20 win $45, otherwise nothing 
(b) with probability .25 win $30, otherwise nothing 
The expected value of each is equal to the probability of winning multiplied by the 
amount to be won. Thus, the expected value of gamble (a) is .2 x $45, or $9, while 
that of gamble (b) is .25 x $30, or $7.50.”  
 
This simple gambling example shows that the expected value in monetary terms is 
higher for gamble (a), and an economist may consider gamble (a) to be the rational 
choice. 
 
Expected utility theory became the normative theory of choice for decision 
making under conditions of risk. This led to the development of attempts to measure 
health outcome states in order to assign utilities. As previously mentioned, the 
simplest approach is to assign a utility of 1 to a state of perfect health, and a utility of 
zero to death. Yet this fails to capture the full range of health states – some are worse 
than death, and shorter survival can be preferred to longer survival in such states, for 
example intractable pain in the context of terminal illness. More sophisticated 
measures to determine the utility of decision outcome states (including health states) 
have been developed, such as willingness to pay, the standard gamble and the 
QUALY (Chapman & Sonnenberg, 2000). However, utilities of health outcomes are 
individual, personal and difficult to generalize. For example to one patient, being an 
amputee may represent a health state worse than death, whereas to another, it may 
represent a health state not far short of full health.  
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Expected utility theory forms the basic theoretical approach underlying 
decision analysis, a set of procedures, methods and tools used to represent decision 
problems and formally prescribe a course of action that maximises expected utility. 
For example, Constantinides et al (2007) use decision analysis in surgery for use in 
helping to decide between two operative procedures for resection the sigmoid colon in 
the event of peritonitis due to perforated diverticular disease: Hartmann’s procedure, 
(HP) or primary anastomosis with defunctioning stoma. QUALYs (Quality of Life 
Years) were used as the measure of utility. Probabilities were derived from a database, 
supplemented by expert opinion.  
 
2.2.2 Descriptive approaches 
 
The approaches described above are concerned only with how decision makers 
ought to choose, but fail to address how they actually choose in practice. The success 
of the human species at navigating an uncertain environment gave rise to the concept 
of “man as an intuitive statistician”, with inbuilt mechanisms for matching the 
normative processes. Peterson and Beach (1967) refer to the psychological 
counterparts of the complete normative theory (comprising statistical inference and 
decision theory) as “intuititive statistics and psychological decision theory”. In their 
1967 review of research which took probability theory and statistics as a framework 
within which to study human statistical inference concluded that “the normative 
model provides a good first approximation for a psychological theory of inference” – 
and go on to argue elsewhere that decision theory equally provides approximates to 
actual human decision making: in other words to a large extent, human decision 
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behaviour often does approximate that which would be considered “rational” in terms 
of maximising expected utility. 
 
With respect to Bayesian rather than inferential statistics, clinicians 
undertaking the diagnostic process have been described as “natural Bayesians” (Gill, 
2005). That is to say, it may be argued that clinicians intuitively update the likelihood 
of any given disease in the light of each new piece of relevant information. In this 
context, “all clinical history questions and physical examination maneuvers 
constitutes diagnostic tests, although their sensitivities and specificities are rarely 
known precisely”. 
 
However, although these normative ideas may provide a good first 
approximation of how decisions are made in practice, comparisons of actual decision 
making behaviour to that predicted in by expected utility theory led to new 
perspectives on decision making. 
 
2.2.2.1 Prospect Theory and “heuristics and biases” 
 
Human decision making deviates in certain predictable and systematic ways 
from that which would be predicted by the normative models, giving rise to the 
“heuristics and biases approach” (Tversky & Kahneman 1974) “Heuristics” is a term 
for short-cut cognitive strategies or rules of thumb, which may be quick and 
cognitively easy to use, but which may result in biases – systematic deviations from 
“optimal” reasoning as defined by normative theories. 
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The most famous theory arising from such observations was that of Prospect 
Theory (Kahneman & Tversky, 1979) which describes how people make choices in 
situations where they have to decide between alternatives that involve risk, providing 
a more psychologically realistic alternative to expected utility theory. In the first stage 
of the process, possible outcomes of the decision are ordered following some short-cut 
strategy or heuristic. A reference point is set, with lower outcomes being perceived as 
losses and larger ones as gains. However, losses and gains are viewed differentially, 
with perceived losses having a greater impact than perceived gains. This phenomenon 
is referred to as “loss aversion”. One important consequence of this differential 
treatment of perceived losses and gains is the influence of framing on decisions 
(whether outcomes are perceived in a positive or negative light). A famous (medical) 
example of the importance of this is illustrated by the so-called “Asian Disease 
Problem” (Tversky & Kahneman, 1981), described in Box 2.3 below.  
 
 
 
 
 
 
 
  
Box 2.3 The Asian Disease Problem 
 
Subjects were given one of two problems (Problem 1 or 2) and in each case asked 
to choose between Program A or Program B. 
Problem 1: Imagine that the U.S. is preparing for the outbreak of an unusual Asian 
disease, which is expected to kill 600 people. There are two alternative programs. 
If Program A is adopted, 200 people will be saved. If Program B is adopted, there 
is a one-third probability that all 600 people will be saved and a two-thirds 
probability that no people will be saved. 
Problem 2: Imagine that the U.S. is preparing for the outbreak of an unusual Asian 
disease, which is expected to kill 600 people. There are two alternative programs. 
If Program A is adopted, 400 people will die. If Program B is adopted, there is a 
one-third probability that nobody will die and a two-thirds probability that 600 
people will die. 
Framed as Problem 1, 72% preferred Program A, while framed as Problem 2 only 
22% preferred Program A. 
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 Probabilities are also not perceived in a linear fashion, with overreaction to 
small probability events, but under-reaction to medium and large probabilities. It is 
not difficult to extrapolate from this finding to potentially clinically significant biases 
in surgical decision making. For example during the process of obtaining informed 
consent for a surgical procedure, a complication of treatment that is serious, but with 
an almost negligible incidence or likelihood, is likely to loom larger in the mind of the 
patient giving consent (and the clinician counselling them) than is justified in strictly 
“rational” terms. 
 Framing (selecting differently according to whether a decision problem is 
presented in terms of a positive or negative outcome) is an example of a classic 
decision making bias. Tversky and Kahneman’s work on “heuristics and biases” gave 
rise to one of the most important avenues of decision making research, leading to a 
Nobel Prize.  
 
Robust findings support the assertion that humans in general are subject to 
these manifestations of suboptimal reasoning, and doctors, including surgeons, are not 
exempt. Parallels of biases / non-rational strategies found in the general population are 
beginning to be identified in the medical domain. Bornstein and Emler (2001) offer a 
review of biases demonstrated in medically trained subjects. In the diagnostic process, 
these relate to patterns of information seeking, interpretation of that evidence, and 
estimating the likelihood of a particular disease. Treatment decisions are also 
susceptible to a selection of potential biases. Table 2.2 below presents some of the 
main findings from their review.  Additional diagnostic biases have been proposed by 
Croskerry (2002), after extensive observation of clinicians working in the Emergency 
Department.  
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Table 2.2 List and definition of selected biases in clinical work (Adapted from Chapman and Sonnenberg, 2000) 
 
   Diagnostic biases  Definition  
   Confirmation  Selectively gathering and interpreting evidence that  confirms a diagnosis and ignoring evidence that might  
    disconfirm it 
   Availability   Overestimating probability of a diagnosis when instances are relatively easy to recall 
   Hindsight   Overestimating probability of a diagnosis when the correct  diagnosis is already known 
   Regret   Overestimating probability of a diagnosis with severe possible outcome because of anticipated regret if diagnosis 
    were missed 
 
Treatment biases 
   Regret/outcome  Feeling worse about adverse outcomes due to active treatment than to inaction, and taking more credit for  
    treatment decisions that lead to positive outcomes than those that lead to adverse outcomes 
   Framing   Choosing riskier treatments when they are described in negative (e.g. mortality) rather than positive (e.g. survival) 
    terms 
   Number of alternatives Choosing a given treatment option more often when there are additional alternatives 
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 The prevalent presentation of heuristics and biases in the academic literature is 
as negative “deviations from rationality” would suggest that the heuristics underlying 
them are maladaptive and unhelpful. Yet this view of heuristics fails to tell the whole 
story: Gigerenzer et al (1999) argue the view that simple so-called “fast and frugal” 
heuristics are actually powerful cognitive tools that, for the most part, serve us 
surprisingly well. We operate heuristic strategies with apparent ease, given that they 
circumvent the need for extensive computational power beyond the limits of the 
human brain, and can provide swift approximations to best decisions. They contend 
that “fast and frugal decision making can be as accurate as strategies that use all 
available information and expensive computation”. This has been shown to be the 
case in applied decision making in other domains – for example in decision making 
by magistrates as to whether to grant bail to individuals charged with crimes pending 
trial (Dhami & Ayton, 2001). 
 
 The use of such strategies is promoted by the fact that resources such as time 
and information are limited. In the surgical context for example, performing a formal 
decision analysis for every decision would be impossibly unwieldy given the volume 
of decisions to make. Rather than considering decision making as contextualized 
within an “unbounded rationality” – that which seeks to optimize expected utility in 
decisions regardless of the temporal, informational and computational cost involved,  
in real world decision making rationality is in fact “bounded” – a concept introduced 
by Herbert Simon (see below), and central to the arguments of Gigerenzer and 
colleagues.  
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A number of definitions of “bounded rationality” have been put forward. 
Simon’s vision had two major facets: firstly, models of human judgment and decision 
making should take into account what is known about the mind’s capacities. For 
example, working memory is known only to be able to hold a maximum of seven 
items of information, +/- 2, so a descriptive account of decision making requiring 
integration of a greater number of aspects than this cognitive limit ceases to be 
plausible. In addition, many real-world decision making situations, including medical 
decision making scenarios, are somewhat ill-defined, and optimal strategies may be 
unknown and unknowable. Given the inherent limitations of the human mind, we 
“must use approximate methods to handle most tasks” (Simon, 1990). Secondly, the 
environmental structure is of crucial importance: simple heuristics will perform if 
their structure is well adapted to that of the environment (Simon, 1956). 
 
2.2.2.2 Naturalistic decision making 
 
 A newer paradigm within which decision making has been studied within 
recent years is that of naturalistic decision making (NDM). Researchers stepped 
outside the traditional research paradigms described above in order to study how 
experts actually make decisions in their natural environments, or in simulations which 
are highly realistic with respect to key features of their environment. NDM research 
has recently been assigned the following definition: “The study of NDM asks how 
experienced people, working as individuals or groups in dynamic, uncertain, and often 
fast-paced environments, identify and assess their situation, make decisions and take 
actions whose consequences are meaningful to them and to the larger organization in 
which they operate.” (Zsambok et al, 1997). 
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 These researchers disputed the value of comparing decision quality against 
abstract “rational” standards devoid of context. NDM research is characterized by 
preserving an array of key contextual factors (Orasanu & Connolly, 1993). 
  
Proponents of NDM contend that formal models typical of laboratory tasks “lacked 
explanatory or predictive power in real-world settings they were studying” (Zsambok 
et al, 2001). They choose instead to focus their research on experienced decision 
makers in real-world settings, particularly when the situation involves: 
1. Ill-structured problems 
2. Uncertain dynamic environments 
3. Shifting, ill-defined, or competing goals 
4. Action/feedback loops 
5. Time stress 
6. High stakes 
7. Multiple players 
8. Organisational goals and norms 
 
The features of NDM are instantly recognizable to a surgeon, describing a 
significant proportion of the decisions within their workload. For example, in 
undertaking an emergency laparotomy the surgeon may not have a definitive 
diagnosis preoperatively, has to respond dynamically and under time pressure to the 
intra-operative findings as well as their own operative progress, under time stress with 
high stakes for the patient and functioning within the context of the operating theatre 
team as well as organisational norms. 
 
 60 
The processes and strategies uncovered by NDM differ from those identified in 
traditional decision research, with a more “front loaded focus” on understanding the 
situation and gaining situation awareness, rather than comparing multiple options 
(Zsambok et al, 1997). The best known model within NDM research is that of 
“recognition primed decision making” put forward by Klein (1998), in which 
experienced decision makers identify a prototypical situation they have encountered 
before, and will usually generate and execute a single option, rather than comparing 
multiple options simultaneously. If the first option is not satisfactory, then options are 
adopted or rejected sequentially according to whether they appear to be sufficiently 
effective in a process of mental rehearsal. 
 
2.2.3 Prescriptive approaches 
 
 Prescriptive models of decision-making are concerned with how decision 
making may be improved, which has long been the goal of much medical decision 
making research. A number of approaches have been attempted, with varying degrees 
of success, and varying degrees of translation into the clinical mainstream. These have 
included the creation of decision analyses, application of decision analysis-based or 
evidence-based guidelines/diagnostic rules, training physicians in decision theoretic 
reasoning, multiple cue probability learning/feedback techniques, interventions with 
respect to the provision and presentation of decision-relevant information, as well as 
the use of computers for decision support and the development of expert systems. 
Some of these approaches are of direct importance for this thesis; the implications of 
research findings for other approaches to improving surgical decision making receive 
further attention in the discussion at the end of the thesis. 
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2.3 Research methodologies for applied decision research 
 
A diverse range of research methodologies have been developed for studying 
decision making, both qualitative and quantitative. Many have been adapted for use in 
the healthcare setting. In what follows, some of these methodologies are described, 
with particular emphasis on those used in the thesis, and the rationale for their 
adoption. 
 
2.3.1 Qualitative methods 
 
Qualitative research methods were developed within from the social sciences, 
especially sociology and anthropology, and a number of differing theoretical and 
philosophical approaches have been outlined, the most well-known of which is 
“grounded theory”. This term was coined by Glaser and Strauss (1967), who 
advocated a process during which theorizing is interwoven with data collection. This 
iterative-inductive approach allows the flexibility to generate hypotheses as the 
research progresses and allows research questions to be defined. Differing methods 
are appropriate for different stages in a project (Barbour, 1999) and it has been noted 
that qualitative methods can provide useful means both of exploring previously 
unresearched topics, and also for generating research questions and hypotheses 
(Helman, 1991). 
 
 Within medicine, the widest application of such qualitative methodologies has 
been in the domain of general practice (Hoddinott & Pill, 1997). The experience of 
being a GP has been likened to that of being an ethnographer conducting qualitative 
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research because the GP is based in the community and develops an understanding of 
local conditions and knowledge and many of the individuals in the community 
(Whittaker, 1996). 
 
 Surgery contains some parallels but many important differences from general 
practice. The consultation remains an important aspect of surgical practice, but other 
technical parts of surgical workload – including the performance of operative 
procedures – diverge from typical work in general practice. The community and 
subculture within which the surgeon works is that of the hospital itself rather than the 
local community, albeit contextualised within the wider social setting. Nonetheless, 
qualitative methods offer useful insights in the surgical domain. 
 
Interview studies are useful as they allow detailed exploration of particular 
decision making issues, and the subjective interpretation of the clinical decision 
maker. Interviews may complement other methodological approaches, by providing 
detailed information about the relevant cues to a decision, or identifying important 
contextual factors. They may be used to develop tools such as cognitive task analyses, 
which have been utilised in the surgical domain to capture expert knowledge in an 
accessible form and to facilitate teaching (Grunwald et al, 2004, Luker et al, 2008, 
Sullivan et al, 2007, Sullivan et al, 2008, Velhamos et al, 2004). 
 
Retrospective investigation of specific, recently made real life decisions using 
detailed interviews (such as end-of-life decision making) (van Thiel et al, 1997) form 
the basis of the critical incident approach, used in naturalistic decision making. One 
researcher in the NDM group has recently used the critical incident method to 
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evaluate surgeons’ intra-operative decision making, framing the research question in 
terms of participants’ meta-cognition or “thinking about thinking” – described as “a 
kind of mindfulness or self-monitoring”. In particular, the author suggested it may be 
of greater importance to understand the relationship between self-knowledge and 
situational knowledge to understand surgical decision making (Dominguez, 2001). 
 
However, such subjective methodologies (including both interviews and focus 
groups), they cannot necessarily be relied upon in terms of the accuracy of 
explanations and rationales, nor of descriptions of underlying psychological 
processes, being subject not only to memory biases associated with recall, but also to 
the problem that insight into participants’ own decision making may be limited. 
Nonetheless, although testing the veracity of self-reports may be difficult, they may 
still yield useful insights.  
 
2.3.2 Process tracing approaches  
 
The second main group of methods are collectively termed “process tracing”. 
They seek to characterise the decision making process as it unfolds over time. Process 
approaches range from simple observation, which reveals any explicit information 
search, communication during the decision making process, use of artefacts, and non-
verbal interactions. Protocols may be verbal or non-verbal, and have been used in the 
investigation of clinical reasoning in different forms. Examples include: use of 
stimulated recall with clinicians’ commentary on recorded consultations/operations; 
think aloud protocols, where study participants report the content of working memory 
during a decision making task; and explanation protocols (Harries & Kostopoulou, 
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2005). Non-verbal approaches such as eye-tracking of gaze patterns can give 
information about information search patterns, and can also be used to test the 
veracity of subjective accounts (Carmody et al, 1994). 
 
Applied in a contextualised manner, simulation offers the opportunity to 
immerse the clinician within a realistic environment which mirrors many aspects of 
performance in a real situation, and has been used for the assessment and training of 
surgical teams (Aggarwal et al, 2004, Rao et al, 2006). Modern virtual reality 
simulator technology offers a range of operative procedures (Aggarwal & Darzi 
2006). In addition, actors may be trained to behave as simulated patients to add 
realism to clinical encounters (Kneebone et al, 2006). In the second empirical chapter 
of the thesis, a simulated clinical setting, simulated patients and a virtual reality 
operative simulator were combined to provide a safe but authentic and standardized 
setting to assess surgical decision making. Observation and a process tracing 
technique (think aloud) were used in conjunction with simulation. 
 
2.3.3 Structural approaches 
 
 Structural approaches are a group of methodologies that have in common their 
statistical approach to modelling relationships between inputs to a judgment or 
decision (cues) and their outputs.  
 
The main experimental work within the thesis employs judgment analysis - a 
structural approach. Judgment analysis is a term used to describe any experimental 
paradigm employing multiple regression equations to model human judgments after 
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they have been made (as opposed to decision analytic approaches, which employ 
formal/Bayesian probability theory to analyse judgments or decisions before they are 
actually made). Cooksey (1996), in his book on judgment analysis, describes the need 
for “a methodology which can (1) provide a simultaneous understanding of both 
human judgment itself and of the judgment task and context; (2) render that 
understanding open to public inspection; and (3) provide procedures useful for the 
improvement of judgment”. 
 
Judgment analysis methodology is based on presentation of a series of 
multiple-cue case profiles (Cooksey, 1996). The impact of different factors may be 
assessed by varying the values of the selected cues in differing combinations. This 
makes it possible, using linear regression, to model the influence variables on 
surgeons’ judgments. In addition, the relative importance or “weight” of each variable 
can be determined for each participant. A profile of “cue weightings” can be 
developed for each participant. This approach has been used in the thesis to look at 
two judgments of risk made by surgeons: the first is the likelihood of a laparoscopic 
cholecystectomy (keyhole operation on the gallbladder) being “converted to open” 
(reverting to the traditional open technique with an abdominal incision), based on 
preoperative factors, and the second is the likelihood of mortality of patients 
undergoing surgery, depending on the type of operation, the patient’s age, ASA status 
and whether the operation is an elective or an emergency setting.  
 
One key advantage of the judgment analysis approach is that it overcomes 
problems of insight, objectively demonstrating which cues are influencing a 
participant’s judgment, and by how much. A profile of “cue weightings” can be 
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developed for each participant. There have been a number of studies using judgment 
analysis in the study of clinical decision making, with medical and surgical examples, 
as well as examples in the professions allied to medicine.  
 
Judgment analysis has the advantage of not only allowing detailed individual 
profiling of the cues influencing any individual surgeon, but also allows comparison 
both between individuals, between groups, and against a gold standard. In all of the 
studies using judgment analysis in this thesis, an outcomes-derived gold standard 
model was chosen for comparison, providing an objective “optimal” cue weighting 
pattern. Achievement, in judgment analysis terms, is a conceptual measure of the 
accuracy of an individual’s judgments with respect to their relationship to the gold 
standard derived equivalents.  
 
Achievement and reliability may both be compared across groups of 
participants. Many other researchers have used cluster analysis to define groups of 
individuals by placing those with similar judgment policies (similar patterns of cue 
weightings) together. This approach is especially useful where there is a degree of 
subjectivity as to what the “correct” or optimal pattern of cue weightings – especially 
when no outcome data is available to describe real-world “correct” cue weightings, or 
when the policies of expert judges are not uniform. In these studies in the thesis, a 
gold standard or “correct” set of cue weightings was available as stated, and groups of 
participants (where present – chapters 7 and 8) were designated a priori according to 
surgical experience, rather then derived from judgment analysis results. Results in 
terms of achievement (chapters 7 and 8) and reliability (chapter 7) could be compared 
across these pre-defined groups.  
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Use of judgment analysis to try to improve surgical trainees’ estimates of risk 
was the first study within this thesis to address risk estimation for surgeons 
educationally. Feedback may be derived from performance at judgment analysis tasks. 
By showing participants how their patterns of cue weighting compare to those derived 
from a gold standard model, they may be able to adjust their judgment process to 
arrive at estimates that are more close to the optimal values. 
 
2.4 Choosing methods for the thesis 
 
The desire to develop objective quantitative performance metrics for 
individual surgeons’ risk estimation was a strong motivator for the selection of 
judgment analysis as an experimental methodology for a large section of the thesis. Its 
statistical rather than qualitative approach offered an additional advantage in terms of 
making the work acceptable within the strongly positivist surgical research sub-
culture.  
 
However, given the diversity of available methodologies, a multi-modal 
strategy for tackling the subject of surgical decision making was adopted for the 
thesis. This was in part to attempt to triangulate differing approaches to give different 
views on the research questions, but was also useful in terms of providing a broad 
research experience during the course of the PhD, with a view to increasing 
understanding and opportunities for future research work. 
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Chapter 3: A systematic review of surgical decision making 
 
3.1 Introduction 
 
In the preceding chapters, the case has been made for researching surgical 
decision making, and an overview of the existing general body of research on human 
decision making has been presented. The three main decision research perspectives 
taken have been outlined. Applied work in the medical domain has been placed within 
the context of the overall research field, and in addition examples of research in other 
high-risk environments have been discussed.  
 
Sevdalis and McCulloch (2006) present a model of surgical decision making 
affected a number of diverse influences. Despite the current drive towards evidence-
based medicine, they suggest evidence comprises only one of a series of 
environmental and cognitive influences, as illustrated in Figure 3.1 below. 
  
Figure 3.1 Influences on clinical decision making 
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The model suggests that there are numerous factors independent of the clinical 
scenario that are likely to impact on decisions made, which are combined in a process 
of integration by the surgeon or surgical team to arrive at a decision. Individual 
emotional and cognitive factors can have an influence, and may interact with 
environmental (eg cultural and institutional) factors. Yet to what extent can the 
searchable peer-reviewed literature available to surgeons elucidate these issues 
further? 
 
3.2 Aims 
 
 This formal review aims to systematically search the surgical and 
psychological literature, seeking to draw together existing data from a diverse 
literature in the form of a systematic review of peer-reviewed articles. The goal was to 
focus not on specific pathologies, but on surgeons themselves and how they perform 
this vital “thinking” aspect of their job.  
 
 In particular, four specific aims addressed: to examine the methodologies used 
to examine surgical decision making, to evaluate the question of variability in surgical 
decision making, to identify which factors have been demonstrated to affect surgical 
decision making, and to gain insights into the process of surgical decision making 
itself. Findings are linked to relevant aspects of the wider surgical and decision 
research literature, in relation to their clinical, research and teaching implications. 
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3.3 Methods 
 
3.3.1 Search strategy 
 
In order to establish the range and content of existing literature, it was 
necessary to search a diverse range of material, including both the medical and 
psychological literature, using Medline and Psycinfo. Given the relevant specialist 
nature of the journal “Medical Decision Making” (and the inclusion of one of the 
search terms in the journal title), a separate search was executed within this journal. 
The focus was aimed at the practitioner and the cognitive aspects of decision making, 
reflected in the search terms used – including “process” in the title of one of the 
Medline/Psycinfo searches, and the keywords “cognitive”, “bias” and “behaviour” in 
the Medical Decision Making journal search. 
 
Initially, some difficulties were encountered in arriving at a suitable search 
strategy. An initial Medline search using “decision making” and “surgery” as 
keywords returned a deluge of papers irrelevant to the aims of this review. In many 
instances this was due to authors highlighting the clinical relevance of their work with 
a comment in the abstract noting the fact that their contribution will “influence 
decision making”. Conversely, too specific an approach excluded relevant articles.  
 
The final strategy selected was by necessity something of a compromise and is 
outlined in Table 3.1 (following page). The search was narrowed by using the search 
terms in article titles in an attempt to limit the scope of the papers to those in which 
decision-making formed a defined focus to the work.  
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Table 3.2:  Search strategy for systematic review 
 
SEARCH DATABASE TIMEFRAME SEARCH TERMS (FIELD) PAPERS 
1 Medline 1966-present Decision making AND surg$ (Title) 255 
2 Psycinfo 1872-present Decision making AND surg$ (Title) 16 
3 Medline 1966-present Decision making AND process(Title) 
AND:  
Clinical OR medical OR surg$ 
(Keyword) 
154 
4 Psycinfo 1872-present Decision making AND process (Title) 
AND: 
Clinical OR medical OR 
surg$(Keyword) 
50 
5 Medline 1966-present Medical Decision Making (Journal) 
AND:  
Surg$ OR cognitive OR bias OR 
behaviour (Keyword) 
178 
6 Medline/Psycinfo As above All above searches with duplicates 
removed 
653 
 
3.3.2 Procedure for selecting articles 
 
Once a complete list of all 653 articles had been compiled, there remained a 
considerable proportion of articles outside the scope of the aims of this review. A 
number of articles were excluded at the outset, such as articles did not relate to a first 
world health care setting, dissertation abstracts, papers that that were not available in 
English, and those irrelevant to decision making. Titles and abstracts of the remaining 
papers were then used to divide them into a number of categories according to the 
specific subject area of the work. This was an iterative process carried out by two 
researchers – one surgeon and one psychologist. During the “first pass”, 20 separate 
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categories emerged in a judgmental process according to content of the articles; these 
were subsequently condensed and merged with related categories, arriving at a more 
manageable seven categories: 
 
1 Performance/process of surgical decision making 
- How surgeons make decisions, with a focus on cognitive or behavioural 
aspects 
2 Influences on practice 
- Clarifying the clinical and non-clinical factors, which exert influence on 
surgeons’ decision making 
3 Patient/shared decision making 
- Related to empowering patients to make informed choices regarding 
treatment 
4 Statistical/normative models for optimal decision making 
- Statistically “ideal” decision making in specific clinical situations, using 
techniques such as formal decision analysis 
5 Cost-effectiveness/policy 
- Organisational-level decision making and economic rationale for specific 
therapies 
6 Evaluation of a clinical tool/technique 
- Descriptions of new diagnostic or treatment modalities – focus not 
decision making 
7 Miscellaneous category: tutorials/guidelines, clinical reviews, case reports, 
ethics-related papers and comments/editorials.  
 
These categories are indicative the broad areas of interest within the published 
literature. The first (cognitive and behavioural) and second (influences on practice) 
categories contained the articles of relevance for this review, as a number of papers 
within both categories focussed on the performance of surgeons as decision makers, in 
keeping with the aims of this review. There were 8 and 25 articles in the first and 
second categories respectively. 
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3.4 Results  
 
Papers were pooled from categories one and two, and are presented in Table 
3.2 below. The clinical decision addressed by each paper is reported, together with the 
aim, the methods/ subjects, key findings and principle conclusions.   
 
3.4.1 Overview of findings 
 
This review found 33 articles addressing the surgeons’ decision making. Only 
13 were published in journals aimed at a surgical audience. 8 were found in the 
journal “Medical Decision Making”. In terms of content, 19 papers were broadly 
addressing the decision whether to operate, albeit relating to different surgical 
diseases and operations. The distribution of specialties covered by the papers was 
relatively broad. Five were cross-specialty, of which 3 looked at spinal surgery (ie 
orthopaedic/neurosurgery), one related to palliative surgery, and one used surgeons 
from five separate specialties (general surgery, gynaecology, otolaryngology, 
ophthalmology and urology) as subjects. Of the remainder, 5 papers related to 
cardiothoracic/vascular surgery, 8 were general surgical, 2 colorectal, 6 orthopaedic, 3 
ophthalmic, and one each in the specialties of urology, gynaecology and 
neurosurgery.  
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1st Author 
Year 
Journal Clinical decision 
addressed 
Aims Methods Subjects Key findings Principal conclusions 
Dolin 
2003 
Disability and 
Rehab 
Whether to 
operate: THR for 
OA 
Which patient factors 
influenced priority 
allocation 
Prospective 
observational study 
74 patients 
4 surgeons 
Higher priority if worse 
pain/function/Xray appearance or 
female sex/over age 70  
Objective measures of pain and dysfunction may improve 
decision making 
Enemark 
1998 
MDM Whether to 
operate: small 
AAAs 
Quantify temporal 
tradeoffs: operative 
risk/benefit 
Experimental: 
hypothetical cases 
30 vascular 
surgeons 
Temporal discount rate variable. 
Average = 10% ie 100 lives saved 
now equivalent to 110 in one year  
Patients with same health problem may get different advice 
and treatment as a function of individual surgeons’ 
temporal discount rates 
Frost 
1979 
Soc sci & 
med 
Admission for 
elective surgery 
Test a model to 
predict consultants’ 
decisions to admit 
Linear regression 
analysis of routine 
data on bed usage 
Surgeons in 
1975 at Trent 
RHA 
Did not find support for the concept 
of consultant-induced demand nor 
impact of size of region 
Relative provision of beds (ie a property of the 
organisational system) impacts on decisions to admit  
Frost 
2000 
Br J 
Opthalmol 
Whether to 
operate: cataract 
surgery 
Role of preop visual 
acuity  in decision 
making 
Questionnaire survey 473 opthalmic 
surgeons 
35% consider surgery at acuity 
levels better than 6/9. 12% did not 
use an acuity criterion 
Differences in use and interpretation of vision tests may 
lead to differences in numbers of cases operated on 
Hool 
1997 
Dis Colon 
Rectum 
Management  
decisions in 
colorectal cancer 
Measure variability 
in decision making 
Questionnaire 
survey/clinical 
vignettes 
31 residency 
programs, 
110surgeons  
Opinion divided (<63%agreement) 
eg on preop liver scans, rectal 
irrigation, operative approach etc 
Variation in management advocated by colorectal surgeon 
educators. Opinion divided on best operation for each hist-
ologic/ pathologic stage.  Recommend outcomes analysis. 
Irwin 
2005 
(Parts I&II) 
Spine Operative choice 
for degenerative 
spinal disorders  
Assess factors 
affecting approach 
chosen 
Survey study/ 
simulated cases 
22 orthopaedic 
surgeons & 8 
neurosurgeons 
Variations in treatment approach 
depending on clinical scenario, 
surgeon age and specialty 
Surgeon-specific factors may play a role in decision 
making. Importance depends on specific clinical scenarios;  
suggests certain diagnostic categories need education/ study 
Kaiser 
2004 
Scand J Pysch Whether to 
operate: suspected 
appendicitis 
Effect of US or 
US+CT on clinical 
intent 
Prospective 
randomised study 
surgical 
residents, 593 
cases 
Decisions changed: 23%  of cases 
for operation, 85%  for observation  
and 23%  for discharge 
Radiologic imaging provides valuable guidance but false 
negative results may occur and surgery should still be 
performed in clinically convincing cases 
Larsson 
2004 
Academ 
Radiol 
Whether to 
operate: suspected 
appendicitis 
Understand clinical 
and contextual 
characteristics 
Interviews - 
grounded theory 
study 
11 Surgeons /15 
surgical nurses 
Decision making affected by both 
clinical assessment of the patient 
and non-clinical contextual features 
Model proposed in which the importance of  non-clinical 
/contextual factors in decision making increases with 
increasing clinical uncertainty 
Lenke  
2001 
Spine Operative approach 
in Adolescent Idio-
pathic Scoliosis 
Assess variability in 
approach/ fusion 
levels selected 
Spine curves class-
ified, approach and 
fusion levels selected  
28 scoliosis 
surgeons, 7 
cases 
Surgeons agree on curve 
classification, but operative 
approaches are extremely variable 
Need to research outcomes of different approaches for 
group of similar curves so can develop surgical algorithm 
that will objectively determine “best” operative treatment 
Maynard 
1986 
MDM Whether to offer 
CABG or medical 
therapy 
Explore institutional 
differences in 
decision making 
Statistical analysis of 
data from CASS 
registry 
Patients/ 
clinicians in 
CASS study 
Variable levels of surgical 
treatment, most important factors 
were scientific criteria  
Important to adjust surgery rates for differing patient 
populations. Surgical rates affected by government policy 
and institutional characteristics as well as clinician choice 
Maynard 
1986 
Am J Pub 
Health 
Whether to offer 
CABG or medical 
therapy 
Effect of race on 
clinical decision 
making 
Statistical analysis of 
data from CASS 
registry 
Patients/ 
clinicians in the 
CASS study 
Large black/white differential in 
surgical rates after controlling for 
clinical/angiographic differences 
Due in part to fewer black people being recommended for 
surgery, but also white people who were recommended 
medical therapy but had surgery anyway 
McCahill 
2002 
J Am Coll 
Surg 
Whether to 
operate: palliative 
surgery 
Evaluate practice, 
ethics and effect of 
clinical factors 
Questionnaire survey 
including clinical 
vignettes 
419 surgeons  Decisions affected by patient age, 
tumour features and symptom 
severity 
Surgeons are acutely aware of the importance of symptom 
control. Treatment selection was not uniform and may 
reflect lack of data on quality of life outcomes 
Muellner 
1999 
Knee Surg Whether to operate 
on meniscal tears 
Evaluate clinical 
factors/role of MRI 
in ? meniscal tear 
Prospective 
observational study 
149 patients  Accuracy of MRI in group A = 
92%. Length of history irrelevant to 
decision 
Clinical symptoms alone form the basis for surgical 
decision making. Algorithm proposed for diagnosis and 
treatment of meniscal tears. 
Nakata 
2000 
J Clin Anesth Choice of 
treatment under 
conditions of risk 
Understand 
surgeons’/ anaesth-
etists’ risk attitudes 
Questionnaire study;  
certainty equivalents 
calculated 
55 surgeons and 
38 anaesthetists 
More risk averse as age increased; 
no effects of specialty, gender or 
choosing for self/patient 
Clinicians risk attitudes do not change when asked what 
they would do as patients or physicians. Risk attitudes can 
be predicted by age but not by specialty or gender 
Oren 
2004 
American J 
Surg 
Operative 
decisions for 
colorectal cancer 
Assess influence of 
preoperative liver US 
scans  
Observational study 196 patients Final decision-making occurred 
intra-operatively regardless of 
whether liver scanned preop 
Liver US has limited usefulness in the preop evaluation of 
patients with colon cancer as it does not affect DM and is 
much more costly than liver function testing.  
Redelmeier 
2001 
MDM Surgery or 
radiotherapy for 
prostate cancer 
Evaluate the impact 
of non-instrumental 
information 
Scenario-based 
experiment (+ 2 non -
surgical scenarios) 
461 Urologists More non-operative treatment if 
medical consultation  sought than if 
given medical details at the outset 
Non-instrumental information altered decisions.  Extra 
information is not always of benefit. Recommendations are 
made for ways to think through uncertainty and avoid error 
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Table 3.3 Articles included in the review
Ridderstolpe 
2003 
J Med Ethics Priority setting for 
coronary artery 
bypass grafting 
Clinical prioritising 
in relation to national 
priorities 
Questionnaire survey 
including clinical 
vignettes   
208 clinicians 
(71 cardiothor-
acic surgeons) 
Factors affecting priority setting 
identified. Variation noted in 
ranking of 10 fictitious cases 
Decisions made based on clusters of factors in synthesis. 
Agreement on criteria that should be used. Lack of accord 
on use of national guidelines/risk indexes 
Ruckley 
1981 
Br J Surg Planned care level/ 
length of stay for 
elective surgery 
Assess the accuracy 
of outpatient 
decisions/ forecasts 
Prospective 
observational study 
1045 new 
referrals; four 
surgical teams 
18% deviation from planned care. 
Lengths of stay underestimated for 
major surgery. 
For the majority, the selection of the level of care/ forecast 
of post-op stay were sufficiently reliable for advice to be 
given to the patient and to allow efficient use of resources 
Rutkow 
1982 
Archives of 
Surgery 
Whether to 
perform elective 
surgery 
Assess variation in  
individuals decision 
making over time 
Questionnaire study 
using case vignettes, 
repeated at 2 years 
329 surgeons,  
5 different 
specialties 
Decisions vary considerably 
between subjects, and within 
subjects over time 
Both the surgeon and the lay person should be aware that 
there are definite variations. Whether this adversely affects 
surgical clinical trials or biases future treatment is unknown 
Rutkow 
1984 
Archives of 
Surgery 
Whether to 
perform elective 
surgery 
Compare operative 
rates to decisions on 
clinical vignettes 
Questionnaire study/ 
routine data on nat-
ional surgical rates 
4687 UK, US 
and Canadian 
surgeons 
International differences due to 
clinical factors; do not appear to 
have major impact on surgical rates  
Different socioeconomics/ organisational frameworks of 
health care systems rather than individual technical 
decisions influence a country’s surgical rates 
Taffe 
2004 
MDM Whether to use 
preoperative EPO 
in orthopaedics 
Evaluate impact of 
panel composition 
using RAM 
Use of regression to 
elicit each panel 
member’s policy 
614 clinicians, 
496 scenarios 
Votes affected by 6 clinical factors.  
Anaesthetists readier to use EPO 
than surgeons/ haematologists 
Panel composition affects outcome. No intra-cluster 
correlation indicating additional non-clinical factors 
influence votes. ? risk attitudes, experience, health system 
Timmermans 
1994 
MDM Assessing 
likelihood of 
appendicitis 
Interpretation of 
verbal/ numerical 
probability terms 
Scenario-based 
experiment (+2  non -
surgical scenarios) 
41 surgeons, 27 
junior 
physicians 
Large variety in verbal probability 
interpretations.  Ambiguity less 
important for experienced surgeons  
Use of numerical probabilities is to be preferred for 
teaching materials and communications between clinicians, 
especially when inexperienced clinicians are involved 
Timmermans  
 
2001 
Quality in 
Health Care 
Watchful waiting 
vs operation for 
AAA 
Surgeons’ decisions 
compared to decis-
ion analytic model 
Summary details of 
137 patient cases 
4 Vascular 
surgeons 
81% agreement (surgeons/ model). 
Reported decision difficulty  not 
strongly related to disagreement 
An evidence based decision analytic model (with analysis 
of why intuition-based decisions disagree) can be used to 
improve quality of clinical decisions and as a teaching tool  
Tobacman 
2003 
MDM Whether to offer 
cataract surgery 
Evaluation of 
appropriateness 
methodology  
RAND-UCLA 
appropriateness 
methodology 
9 experts, 2905 
scenarios/793 
cases 
Acuity improvements were  
correlated to preoperative 
appropriateness rating   
Provides additional evidence to validate the RAND-UCLA 
appropriateness method, which is the best current approach 
for optimising utilization of medical resources 
Tobacman 
2001 
MDM Whether to offer 
cataract surgery 
Evaluate logistics of 
appropriateness 
methodology 
Compares CP/ MP 
(convened/ mail-only 
panel) RAM results 
2894 scenarios, 
2 expert panels 
Substantial overall agreement. CP 
rated fewer scenarios uncertain and 
more appropriate 
Support reproducibility of appropriateness methodology. 
Mail process is a viable alternative. Group dynamics and 
face-to-face discussion in CP may help resolve uncertainty 
Travis 
1984 
MDM Whether to 
perform elective 
hysterectomy  
Evaluate decision 
making  
Analysis of routine 
data/ second opinion 
studies 
Gynaecologists 25% hysterectomies were elective. 
Regional variation is noted.  High 
costs and limited benefits 
Explanatory hypotheses include financial incentives to 
operate, patterns of training (interesting cases), sexism/ 
racism, cancer prophylaxis and the role of risk perception 
Trieshmann 
1996 
Arthroscopy Soft tissue knee  
problems:diagnosis
/whether to operate  
Evaluate effect of 
MRI on DM in 
uncertain cases 
Prospective 
observational study 
Orthopaedic 
surgeons, 208 
cases  
Diagnosis revised in 32% and 
surgical decision changed in 27% 
of cases 
In this patient subset (knee pain and uncertain clinical 
findings) MRI can improve surgical decision making and 
outcome. 
Vaccaro 
2006 
J Spinal 
Disord Tech 
Treatment for 
unstable thoraco-
lumbar injuries 
Develop framework 
in the absence of 
level 1 literature 
Panel discussion/ 
consensus  
22 spinal 
surgeons 
Affected by morphology  of injury, 
neurologic status and integrity of 
the posterior ligamentous complex 
Simple decision-making framework presented based on 
expert opinion and established principles 
Vayda 
1982 
CMA Journal Whether to 
operate: 5 elective 
operations 
Investigate DM in 
relation to surgical 
rates  
Questionnaire/ 
hypothetical cases 
417 clinicians 
including 
surgeons 
Substantial differences in DM, 
unassociated with practice/ 
sociodemographic variables 
Differences of opinion could be translated into different 
outcomes for the patient 
Vermeulen 
1995 
Eur J Surg  Whether to 
operate: 
appendicectomy 
See if WCC affects 
the decision 
Prospective 
observational study  
112 patients 
with  
? appendicitis  
White cell count did not 
significantly influence this surgical 
decision  
Needs larger study; do not recommend omitting WCC on 
basis of this study 
Wijdicks 
2000 
Cerebrovasc 
Dis  
Whether to 
operate: cerebellar 
haematoma 
Delineate which  
factors affect the 
decision 
Retrospective study Neurosurgeons 
94 patients 
Clinical deterioration awaited. 
Small bleeds/ younger patients 
more often operated 
Probability of surgery is largely determined by clinical 
criteria. Need strict criteria for clinical trials 
Yin 
1996 
Radiology  Treatment of 
chronic wrist pain 
See if bilateral 
arthrography alters 
decisions 
Prospective 
 3-stage questionnaire  
32 surgeons, 64 
patients 
Treatment was changed for 17/64 
patients.  
Wrist arthrography influences surgeons’ diagnostic 
thinking and alters management plans 
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The articles are now discussed according to the four main themes set out in the 
aims, taken in turn. 
 
3.4.2 Methodologies in studies 
 
3.4.2.1 Analysis of real clinical cases formed the first main methodological category. 
These were either prospective (Dolin et al, 2003, Kaiser et al, 2004, Treishmann & 
Mosure 1996, Muellner et al, 1999, Oren et al, 1986, Ruckley et al, 1981,Vermeulen 
et al, 1995, Yin et al, 1996), or retrospective (Wijdicks et al, 2000). Prospective 
studies used a variety of methods, some with elements of clinical data provided 
sequentially to the clinician to see how decisions were influenced, some with 
decision-relevant information about cases recorded on case-based questionnaires, and 
some with patients randomised to different diagnostic algorithms. The retrospective 
study used analysis of case notes (Wijdicks et al, 2000). Such studies provide 
empirical data by recording decision outcomes. The real-world clinical setting of such 
studies is highly ecologically valid, at least locally. One limitation of such 
observational studies, whether retro- or prospective, is that they are usually carried out 
in a single centre and reflect the decision making of only a relatively small number of 
surgeons. 
 
3.4.2.2 Questionnaire studies have the advantage of being able to reach larger study 
populations of surgeons (Frost & Sparrow, 2000, Hool et al, 1998, Irwin et al, 2005a, 
Irwin et al, 2005b, McCahill et al, 2002, Nakata et al, 2000, Ridderstolpe et al, 2003, 
Rutkow, 1982a Rutkow, 1982b, Vayda et al 1982) so their findings may in some ways 
be considered more representative and able to be generalised. A range of types of 
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questions were included in different studies, from questions about general attitude to 
risk to opinions on ethical dilemmas. Questions were tied to specific clinical 
conditions either in relation to the importance of specific diagnostic tests, or elicited 
clinical decisions based on hypothetical cases/patient vignettes. Studies using clinical 
vignettes in an experimental capacity (in which variables were manipulated 
systematically) are considered separately below in section 3.4.2.5. 
 
 The disadvantages of this type of study are twofold: firstly the results rely on 
surgeons’ insight into their own decision making, which (as is known from studies of 
human decision making in general) is an assumption that may not be guaranteed; 
incorporating clinical vignettes and case scenarios (Hool et al 1998, Irwin et al, 
2005a, Irwin et al, 2005b, McCahill et al, 2002, Ridderstolpe et al, 2003, Rutkow 
1982a, Rutkow 1982b, Vayda et al, 1982) may overcome this disadvantage in part. 
Although valuable insights may be gained in this way, the format of information 
presentation in a questionnaire carries little ecological validity. Secondly, as with 
studies based on analysis of real cases, although such studies may be effective in 
understanding which clinical factors affect decision making, they are unable to access 
the reasons why. In addition existing studies do not (attempt to) unravel the role of 
contextual and other non-clinical factors in explaining the observed variability that 
emerges. 
 
3.4.2.3 Analysis of existing data sources is has also been used to make inferences 
about decision making: bed occupancy figures and existing patient registries may be 
used to infer variability in surgeons’ decision making at the institutional or regional 
level (Frost & Francis, 1979, Maynard et al, 1986a, Maynard et al, 1986b, Travis, 
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1985). Such data is potentially convenient to obtain and may shed light on some of the 
non-clinical variables affecting decision making at the level of organisations. When 
correlated to data collected about the surgeons making the decisions, it may also be 
utilised to identify any surgeon-related factors that systematically influence decisions. 
Again, the process of decision making itself and the reasons for variability are not 
elucidated. 
 
3.4.2.4 Interview studies provide the opportunity to look in more depth at surgeons’ 
explicit rationales as to what influences their decisions. As with questionnaire studies, 
issues of insight remain problematic; yet the only interview study identified in this 
review (Larsson et al, 2004) had clearly gathered a rich dataset and was the only study 
in which the authors able to propose a cohesive model integrating aspects relating to 
clinical, surgeon-related and contextual factors. Although surgery does not have a 
strong tradition of qualitative research, both qualitative and quantitative 
methodologies are available, and can provide complementary views. 
 
 
3.4.2.5  Experimental scenario-based studies in which variables are manipulated 
between conditions can be used to derive more general findings about the decision 
making processes of surgeons (Enemark et al, 1988, Redelmeier et al, 2001, 
Timmermans, 1994). For example, thoroughness is prized in medicine, with juniors 
encouraged to “obtain a full history and perform a complete examination” and tests 
being formed “for completeness”(Redelmeier et al, 2001). Redelmeier et al’s paper 
(2001) entitled “The beguiling pursuit of more information” uses experimental data to 
challenge the notion that having more complete information necessarily leads to better 
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decisions, as shall be seen in the discussion below. However, there is a danger that 
with experimental studies the realism of the clinical environment can become lost as 
abstractions are made to control for variables outside the research question (loss of 
ecological validity.) 
 
3.4.2.6  Consensus studies formed the focus of four of the articles (Taffe et al, 2004, 
Tobacman et al, 2001, Tobacman et al, 2003, Vaccaro et al, 2006), in which 
agreement between surgeons is sought in order to produce guidance in specific 
clinical areas. One used an informal round-table method (Vaccaro et al, 2006), and 
three of these used a formal methodological approach to determining the 
“appropriateness” of treatment in differing clinical scenarios, by aggregating and 
synthesising expert opinion in a rigorous and objective fashion, known as the RAND-
UCLA appropriateness method (RAM) (Taffe et al, 2004, Tobacman et al, 2001, 
Tobacman et al, 2003). This combines a literature review with ratings of detailed 
clinical scenarios by members of an expert panel to assist with the development of 
guidelines for intervention.  
 
One of these papers offers validation of this methodology in terms of a 
positive correlation between preoperative appropriateness rating and outcome. For 
decisions relating to cataract surgery, preoperative appropriateness ratings were 
significantly associated with visual acuity outcomes on a database of 793 patients 
(Tobacman et al, 2003). By linking ratings to outcome, the study demonstrates the 
merit of such an approach, combining clinical experience and interpretation of the 
pertinent medical evidence in specialty areas in which the clinical trials reported in 
the literature may not provide sufficient information to guide a specific decision about 
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an intervention. In terms of maximising feasibility, the same team also showed that 
the appropriateness ratings derived from a panel completing scenario ratings by mail 
were comparable to those derived from a convened multidisciplinary panel 
(Tobacman et al, 2001).  
 
In another of the RAM studies (looking at preoperative use of EPO in orthopaedic 
surgery), in addition to the established approach which utilizes median ratings for 
analysis, regression analysis was also performed on the individual votes of the expert 
panellists (Taffe et al, 2004). This enabled evaluation of how individual panel 
members had weighted the different factors describing the indications. Considerable 
differences in the “policy” of individual panel members were found. The authors 
assert a note of caution in that the RAM panel composition affects recommendations. 
This particular study, with its focus on understanding individual surgeons’ decisions, 
may also be considered within the framework of the experimental category above. 
 
3.4.3 Variability in decision making and decision quality 
 
 A number of studies in this review that reported significant variability in 
decision making used questionnaires with the goal of identifying the “normal 
practice” of a cohort of specialists with respect to specific clinical problems. For 
example, a national survey of 473 consultant opthalmologists in the UK concluded 
that 35% surgeons were prepared to consider cataract extraction at relatively good 
levels of visual acuity (>6/9), and also that 12% surgeons do not use an acuity 
criterion (Frost & Sparrow, 2000). These groups did not show an increased use of 
supplementary tests such as contrast sensitivity or glare testing. The authors note that 
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“the surgical decision takes into account many other factors . . . but it is apparent that 
differences in the use and interpretation of vision tests may lead to differences in the 
numbers of cases that are eligible for surgery.” 
 
 Further evidence for variability in surgical decision making may be found by 
analysis of routine and other existing data sources. In addition to individual surgeon 
differences, decision making may vary at the institutional and regional level, and due 
to organisational or even political factors. For example, analysis of bed occupancy 
figures in Trent was used to draw conclusions about the interdependence of bed 
availability and surgeons’ decisions to admit elective cases (Frost & Francis, 1979). 
Another study (Maynard et al, 1986) used questionnaire data collected from principal 
investigators in the Coronary Artery Surgery Study (CASS) in association with data 
from the CASS patient registry. It was found that there was considerable variation in 
both actual and recommended percentages of surgical treatment across the fifteen 
institutions included in the study, even after adjusting for the differing clinical and 
angiographic features. The authors concluded that valid measures of institutional 
characteristics and decision making responsibility would help with understanding how 
factors other than clinical data influence decision making. In a second paper analysing 
the same data sources, a large racial differential was present in coronary artery bypass 
surgery, which was not due to differences in clinical and angiographic characteristics. 
These studies relate to data collected the 1970s, and it would be interesting to see 
whether such differences persist. 
 
 Regional variation in rates of hysterectomy have been used to estimate the 
percentage of elective cases (for symptom control rather than malignant disease), and 
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individual differences in decision making were evaluated via second opinion studies 
(Travis, 1985). Such differences were postulated to be related to differences in risk 
perception, biases, personal and contextual factors, though no empirical data to 
support these suggestions were presented. 
 
 This variability was found in other specialty areas, and highlighted in 
questionnaire studies that also used clinical vignettes to capture decision-making 
(Irwin et al, 2005a, Irwin et al 2005b, Lenke et al, 2001, McCahill et al, 2002, 
Ridderstolpe et al, 2003, Rutkow, 1982a, ). For example in spinal surgery for 
Adolescent Idiopathic Scoliosis (Lenke et al, 2001), surgeons were largely agreed in 
terms of classifying the abnormal curvatures in a series of case presentations, but 
showed wide variability in terms of their operative approach. 
 
 A Swedish questionnaire study used a background of ethical principles to look 
at priority setting for cardiac surgery (Ridderstolpe et al, 2003). Decision making in 
this context is multidisciplinary, taken by cardiologists and cardiothoracic surgeons at 
planning conferences. Participants were asked to rank 10 fictitious cases in terms of 
priority for surgery, and though there was no great variation between the specialties, 
there was considerable variation in the ranking of specific patient cases. In another 
survey study on decision making in palliative surgery (McCahill et al, 2002), four 
case scenarios were presented to test the influence of four variables: tumour biology, 
age, extent of local invasion and symptom severity. The results showed that surgeons 
are acutely aware of the importance of symptom management, but it was noted that 
“treatment selection was certainly not uniform among surgeons reviewing these 
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scenarios and may reflect the lack of data regarding the success and durability of 
surgically attempted symptom relief.” 
 
 Hool et al (1998) found that such variation was also present in those 
responsible for surgical training: 110 surgeons associated with colorectal residency 
programmes in the US were surveyed regarding patient management, again including 
clinical vignettes. They found “considerable variation in the management of low 
rectal cancer advocated by colorectal surgeon educators. For each histologic and 
pathologic stage, opinion is divided about which operation is best.” In particular 
preoperative liver scans, approach to a moderately differentiated uT2, N0 cancer, use 
of preoperative rectal irrigation, timing of colonoscopy in a patient with stenosing 
rectal cancer, and frequency of postoperative colonoscopies were sources of variation. 
The authors concluded that clarification from outcomes analysis is required, again 
implying lack of evidence to guide decision making is the cause of variability.  
 
 However, the notion that all such variability may be ascribed to a lack of 
evidence is undermined by the finding that in addition to variability between 
surgeons, variability has been found within surgeons over time (Rutkow, 1982a). A 
questionnaire study with hypothetical cases looked at decisions to perform elective 
surgery, across several subspecialty areas. Initial responses showed considerable 
variability between individuals. After a two year interval, a repeat of the same 
questionnaire to previous respondents showed a substantial number of changed 
clinical decisions. Of 19 test cases, only 2 showed <10% reversal, 5 showed 10-19% 
change, 8 from 20-29%, 3 from 30-39% and 1 greater than 40%. 
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 Rather than taking the perspective of assessing variability, two of the studies 
took related approach of assessing decision quality. One prospective observational 
study (Ruckley et al, 1981) evaluated surgeons’ assessments as to the level of care 
elective surgical patients would require whilst inpatients, as well as forecasts of length 
of hospital stay for 1045 patients placed on surgical waiting lists, comparing these to 
actual patient requirements in order to assess quality. It was concluded that there was 
sufficient reliability to allow efficient resource usage. 
 
 Finally, one study sought to assess the quality of surgeons’ decisions with 
respect to whether to operate on abdominal aortic aneurysms (vs a strategy of 
watchful waiting) to those derived from a decision analytic model, using summary 
details of 137 patient cases (Timmermans et al, 2001). 4 vascular surgeons assessed 
the cases. There was 81% agreement between the surgeons and the model. 
Interestingly, reported decision difficulty was not strongly correlated to disagreement. 
Analysis of why disagreements arose between the surgeon and model was of 
particular benefit, and the authors concluded that such a model can be useful both for 
improving the quality of clinical decisions and as a teaching tool. 
 
 Taken collectively, these studies suggest that considerable clinical decision 
making variability exists between surgeons, which is not accounted for by the relevant 
clinical details. In addition, decision making may vary over time, even when the same 
clinical factors are considered by the same surgeon. The conclusion that lack of 
evidence is the reason for variability in decision making is undoubtedly at least in part 
true. Yet this effect alone only accounts for a portion of the within-surgeon 
variability. If we are to understand differences between individual surgeons’ decision 
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making in a more comprehensive way, we need to understand more about the 
processes of decision making itself. The same clinical factors may be interpreted 
differently by different surgeons, and there are likely also to be other, non-clinical, 
factors influencing their decisions, as suggested by Sevdalis and McCulloch (2006). 
 
3.4.4 Clinical factors that affect surgical decision making 
 
A number of studies identified in this review sought to delineate the specific 
way in which the relevant clinical factors influence decisions, using prospective study 
designs. Their role was either to determine the impact of a single diagnostic feature on 
surgeons’ decision making (such as the effect of the white cell count on surgeons’ 
decisions to operate in suspected appendicitis (Vermeulen et al, 1995) – found not to 
exert a significant effect) or, more commonly, to identify the range of clinical factors 
that influence a particular decision (Dolin et al, 2003, Muellner et al, 1999, Oren et al, 
1986, Trieshmann & Mosure, 1986). For example, Dolin et al (2003) examined 
prioritisation decisions for total hip replacement in osteoarthritis, finding a positive 
association between high priority for surgery and worse pain, function and/or Xray 
appearance, female sex and age over 70 years. 2 studies examined the impact of MRI 
scanning on decisions relating to soft tissue injuries of the knee (Muellner et al, 1999, 
Treishmann & Mosure, 1986), and one looked at whether preoperative liver US 
influenced decision making in colorectal cancer (Oren et al, 1986).  
 
Kaiser et al (2004) used a prospective randomised observational design to 
evaluate the impact of radiologic imaging (US alone or US + CT) on the decision 
making process in suspected appendicitis in children. They found that 347/593 
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children had their initial treatment plan changed in response to radiological findings, 
though the hazards of false negative imaging results were discussed (as was the 
acceptability of a small negative appendicectomy rate) given the inherent uncertainty 
in the clinical findings and diagnosis of appendicitis. 
 
Larger surgical study populations have been reached by questionnaire studies. 
One prospective series of 64 patients with wrist pain was combined with a three-shot 
questionnaire completed by 32 surgeons to evaluate the effect of bilateral wrist 
arthrography on treatment decisions (Yin et al 1996), concluding that after reviewing 
the results, surgeons tended towards more conservative, less invasive treatment.  
 
One observational study (Wijdicks et al, 2000) identified in this review looked 
retrospectively to identify clinical factors affecting whether 94 patients with cerebellar 
haematoma were operated on, a decision for which the authors considered there were 
no satisfactory studies defining the best management. They concluded that “clinicians 
. . . wait for deterioration to unfold prior to operating on patients with cerebellar 
haematomas, . . .prefer small haematomas but will operate on large haematomas when 
patients are younger than 70, generally withholding surgery from older patients.” This 
statement is not derived from outcomes, but a description of the decision making of 
neurosurgeons occurring in practice, based on the clinical factors at hand. The authors 
suggested that accounting for surgeons attitudes as defined by their treatment 
preferences was important to avoid potential bias in future trial outcomes. It may also 
be argued that identification of such factors is an important activity in its own right, in 
terms of providing a means by which we may demonstrate the integration (or 
otherwise) of evidence-based medicine into clinical practice. 
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3.4.5 Personal/environmental factors that affect surgical decision making 
 
In addition to the clinical factors in play, it is clear that non-clinical variables 
play a part in terms of variability between groups of individuals. For example, there 
are international differences in the way surgeons select treatments for their patients, 
even when socioeconomic, organisational and demographic influences are excluded 
despite access to the same evidence. This was in accord with Vayda et al’s (1982) 
finding that substantial differences in decision making for elective surgical patients 
were unassociated with practice/ socio-demographic variables. 
 
Qualitative methodologies such as interview studies are useful for trying to 
understand how such variability arises, including at the level of individual surgeons. 
One such study looks at decision making relating to appendicectomy, within the 
framework of grounded theory (Larsson et al, 2004). The previously observed 
regional variability in appendicectomy rates in Sweden was one of the justifications 
for the study. The authors utilised the qualitative data they obtained to propose a 
model incorporating the medical assessment of the patient’s condition and a set of 
contextual factors. These contextual factors include organizational conditions, 
individual clinician characteristics and personal characteristics of the patient/relatives. 
 
The model described provides a useful attempt to explain some of the different 
clinical and non-clinical influences and the manner in which their effects may be 
mediated by differing levels of uncertainty. Yet it was noted that the surgeon’s 
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experience and attitude influenced whether the patient was admitted or not, as well as 
the decision making about whether to operate. 
 
It is perhaps unsurprising to find that features of the individual surgeon have 
an impact on decision making, and some aspects have been considered in a more 
objective fashion. For example, Irwin et al (2005a & 2005b) recently investigated 
surgical decision-making for degenerative spinal disorders using a survey answered 
by 22 orthopaedic and 8 neurosurgeons in the US. They discovered significant 
variation in treatment approaches for disease in both the lumbar and cervical spine, 
despite (in the case of degenerative spondylolisthesis) what the authors considered to 
be good evidence for a single approach (fusion following decompression). Grouping 
the surgeons by approach and then comparing the demographic compositions of the 
groups using independent samples t-tests, it was demonstrated that certain surgeon-
specific factors also had a part to play, in particular surgeons’ age. For cervical spine 
disorders, instrumentation was recommended more frequently by younger surgeons 
than by their older peers, and for degenerative abnormalities of the lumbar spine, 
younger surgeons and orthopaedic surgeons tended to recommend fusion more often 
than did older surgeons and neurosurgeons. 
 
In a different surgical scenario, appropriateness of preoperative use of 
erythropoietin in elective orthopaedic surgery patients was evaluated utilising RAM 
techniques (Taffe et al, 2004). This enabled identification of the rationale behind the 
ratings of appropriateness, which the authors proposed was particularly useful in cases 
of strong disagreement between the panellists (composed in this case of 6 
anaesthetists, 6 orthopaedic surgeons and 2 haematologists). Again the participants’ 
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clinical background affected decisions, with anaesthetists readier to use EPO than 
either orthopaedic surgeons or haematologists. 
 
These demographic/group level differences do not provide the complete 
picture however. The surgeons’ role as decision-maker includes gathering information 
and synthesising it into decisions under conditions of risk. So what is known about 
how surgeons perceive, estimate and describe risk, and whether these aspects also 
vary between groups and individuals? 
 
3.4.6 Insights into the process of surgical decision making 
 
Some aspects of the decision making process of individual surgeons have been 
investigated in an experimental fashion using hypothetical case scenarios, finding a 
number of cognitive differences that may account for variability, as well as systematic 
biases that may have a negative impact on decision quality.  
 
For example one study examined surgeons’ use of the terminology of risk 
(Timmermans, 1994), comparing numerical estimates to verbal probability terms 
(such as “rather unlikely” or “often”). The study showed wide variability in individual 
clinicians’ interpretation of the verbal quantifiers, although the ambiguity within these 
terms was less problematic for experienced clinicians, and did not always impact on 
actual decisions made. The authors concluded that use of numerical probabilities to 
indicate risk is to be preferred for teaching materials and communications between 
clinicians, especially when inexperienced clinicians are involved. 
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Risk, and in particular, uncertainty, appeared to have an influence on the 
importance of contextual factors in surgical decision making. Larsson et al’s (2004) 
model proposes that when medical assessment provides a clear outcome (so enabling 
the clinician to act under conditions of certainty), contextual factors only impact 
weakly, however, when clinical evaluation results in ambiguity and uncertainty, the 
impact of contextual factors on decision making is much stronger.  
 
 Prior to making assessments of risk and judging tradeoffs, surgeons need to 
gather information. Even at this early stage in the decision process, the way 
information is sought or presented has been shown to affect decisions made. In 
particular, how actively information was pursued influenced decisions, even when 
that information was non-instrumental (ie did not change the clinical scenario) 
(Ridderstolpe et al, 2003). This cognitive bias was demonstrated (amongst others) in a 
group of practicing urologists concerning choice of radiation or surgical therapy for a 
T1C prostate cancer in a 69 year old man. Half the subjects received a version of the 
scenario that included lung function results. In the second “search version”, this 
information was withheld, and the choice options were for surgery, radiotherapy or 
obtaining a medical consultation prior to deciding. If this latter option was selected, 
the participants were asked to consider the same lung function information. In the 
simple version, 42% decided to operate, but in the search version 58% chose to obtain 
a medical consultation, and despite being given identical clinical lung function 
parameters, 92% of that group advised against surgery. This demonstrates (in 
surgeons) a bias that is “hard-wired” into human cognition. 
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The age effect found in questionnaires relating to practice of spinal surgery 
(Irwin et al, 2205a, Irwin et al, 2005b) may be a reflection of age-related changes in 
surgeons’ risk attitudes. In a Japanese study (Nakata et al, 2000), a seven page survey 
questionnaire was answered by 55 surgeons and 38 anaesthetists in order to assess 
risk attitudes experimentally. Borrowing the concept of the “standard gamble” from 
the field of economics, participants were asked to choose whether to undergo a risky 
treatment with an 80 percent chance of success, which would extend their life 
expectancy to twenty years, but with a 20 percent chance of immediate death. In 
subsequent questions, the life expectancies if the treatment was successful were 
manipulated, decreasing the life expectancy if treatment was successful and 
increasing it if treatment was unsuccessful. In all of the gambles presented, the 
expected longevity overall (probability of survival x length of survival if successful + 
probability of survival x length of survival if unsuccessful) was equal to 16 years. 
Participants were asked to answer the questions in two ways: 
1. As if they were patients themselves 
2. As if they were recommending treatments to patients. 
In this way, a “certainty equivalent” could be calculated for each clinician – the point 
at which their preference switches from rejecting the treatment, and accepting that the 
risk is perceived as “worth it”. The certainty equivalents can be transformed into 
Arrow-Pratt Coefficients (APCs), a recognised measure of the degree of an 
individual’s aversion to risk (how strongly risk is avoided). The surgeons and 
anaesthetists could then be classified as risk-averse, risk-neutral and risk-seeking. 
APCs were quite variable, suggesting some inherent individual differences in 
clinicians risk attitudes. Using regression analysis, the study found that risk attitudes 
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could be predicted by age, but not by gender, specialty or whether acting as clinician 
or patient. 
 
 Another experimental study looked at time preferences (Enemark et al, 1998). 
These are important in many surgical decisions, which often involve tradeoffs 
between disadvantages now (eg risks of complications, morbidity and mortality of an 
operation) versus benefits reaching into the future. The study sought to quantify the 
temporal tradeoffs made by vascular surgeons when deciding on operative or 
expectant management of abdominal aortic aneurysms. These effects can be 
quantified by calculating an implicit discount rate – for example, someone who 
believes that saving 110 lives in one year’s time is equivalent in terms of benefit to 
saving 100 lives now has an implicit discount rate of 10%. This measure of temporal 
preference showed considerable variability between individuals, ranging from 5-15%. 
The authors concluded that patients with same health problem may get different 
advice and treatment as a function of individual surgeons’ temporal discount rates. 
 
 
3.5 Discussion 
 
 This chapter aimed to systematically review the literature on surgical decision-
making. It sought to explore the methods that have been used to study the topic, 
whether there is variability in surgical decisions and, if so what its sources are. 
Finally, what is known about the cognitive processes that underpin surgical thinking 
was explored. 
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 In reviewing the literature, there were few articles that investigated surgical 
decision-making empirically and even fewer that were published in journals that are 
likely to be read by surgeons. This suggests that, although surgical decision-making is 
increasingly prominent in educational curricula for surgeons, it is a poorly researched 
surgical skill. Despite these limitations, the limited empirical work available has 
important implications for the research and the thesis, for clinical work and quality of 
care, and finally for surgical training.  
 
3.5.1 Research implications 
 
  As a starting point, it is clear that it is indeed possible to study surgical 
decision making.  A variety of methods have been used, drawing on the wider 
research into human decision making, each of which has its own strengths and 
limitations.  Studies of decisions taken in actual surgical practice are clearly of 
importance, but it is encouraging to find that scenario based experimental studies have 
also provided insight into the process of surgical decision making, showing that the 
consistency of decision making and the use of and combination of cues used to reach 
decisions are tractable problems which can be studied experimentally.  
 
  The review suggests that surgical decisions are affected by a number of non-
clinical factors. Such factors include the surgeon’s specialty, their country/institution 
of practice, their age, and others. The non-clinical factors of interest may be broadly 
divided according to whether they are internal or external to the surgeon as described 
by Sevdalis & McCulloch (2006). Internal influences stem from the architecture and 
capacity of the human cognitive system which has its own internal limits. These apply 
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to the limits in computational ability and working memory and the reliance on 
cognitive shortcuts (i.e., heuristics). Although such limitations do not always decrease 
performance, such performance detriment is more likely when intrinsic limitations 
combine with external influences. 
 
  The end result of such influences is their action as triggers for variability in 
surgical decision-making and, potentially, variability in the quality of care and of 
patient outcome.  The research agenda in this field will include the selection and 
further adaptation of existing methodologies that have been applied in other expert 
domains, and should tackle both the external and the internal influences on surgical 
decisions. Experimental designs may be most effective for delineating the internal 
influences - for example identifying which decision-making biases surgeons are 
susceptible to, and their relative importance in determining patient safety and the 
quality of care. Experimental designs may also quantify the external influences on 
surgeons’ decision making, including the use of both clinical and non-clinical cues to 
make decisions.  
 
  The development of surgical decision quality indicators is an important 
research goal. Both experimental and observational designs may also be used to 
identify and promote the useful, adaptive heuristic strategies that experienced 
surgeons use with great efficiency, and understand the development of the ability to 
apply such strategies safely with developing expertise. Research should aim to 
demonstrate how surgeons reason about risk and uncertainty; how clinical and non-
clinical cues are combined; how, when and why they seek information or advice; and 
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how they weight their own as well as the surgical patient’s preferences in order to 
arrive at a decision. 
 
3.5.2 Clinical implications 
 
This field of research also has implications for clinical practice. Firstly, 
judgment and decision making will continue to be essential clinical competencies as 
we move towards an era of evidence based medicine (EBM). Evaluation of all 
available evidence is of course well beyond any single clinician, and increasingly 
surgeons will rely on meta-analyses, reviews and published guidelines to guide their 
decisions.  EBM as currently practiced as still requires human decision making and 
will continue to do so even with the development of computerized clinical decision 
support systems. Yet this aspect of EBM remains relatively opaque, requiring further 
empirical research. 
 
Surgical services are increasingly being delivered via multidisciplinary team-
working, with the development of novel roles within surgical teams. In this changing 
working environment, the tasks undertaken by different team members should not 
only be defined by their technical skills, but also by which types of decision they have 
the knowledge and understanding to make, and the ability to take responsibility for.  
 
  The studies identified in the review have reiterated the finding that surgical 
decision making can be highly variable, both between surgeons and by the same 
surgeon at different times.  There is of course ample of evidence dating from the 
1970s that the care provided to patients is highly variable, such as that presented by 
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Wennberg at the The Eisenberg Legacy Lecture (2005). He regards this variation as 
"prima facie evidence that there's a problem with our clinical decision making," citing 
a number of surgical examples of practice variation.  
 
  It is difficult to say whether such variability simply reflects the uncertainties of 
clinical practice (which may be reduced but not abolished by the practice of evidence-
based medicine) or whether it may be, to some extent at least, a reflection of the 
difficulty human beings have in making consistent decisions from complex data using 
cues of varying importance.  At the very least we can say that there is evidence that 
surgeons do make inconsistent decisions when presented with the same scenarios on 
different occasions.  If we take the broader view, that surgical decision making is 
simply one form of human decision making, there is a huge weight of evidence that 
inconsistency and variability is the norm and that statistical calculation or decision 
support almost always outperforms human beings (Meehl, 1954).  This, if true in a 
surgical context, clearly has important implications for clinical practice. Areas in 
which the decision making role of surgeons includes actuarial risk estimation may be 
areas in which their performance is less accurate than assumed, and indeed may be 
inadequate. Effective shared decision making between clinicians and patients requires 
that both have a clear and explicit understanding of relevant risks and benefits; this 
area of practice may be easily amenable to improvement through the provision of 
appropriate decision support. 
 
  Finally, it appears from the very few studies available, that surgeons show 
similar biases and susceptibility to different information formats as other decision 
makers. The effort put into collecting information and the format in which 
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information is presented were both shown to influence the eventual decision in 
experimental scenarios.  The implications of such findings for clinical practice are far 
from clear, but it is likely that such factors affect patient care. 
 
3.5.3 Teaching implications 
 
 The findings of the review also have important implications for the training of 
junior surgeons. As we discussed above, modern surgical training curricula are 
moving away from the expectation that surgical trainees will learn how to make sound 
surgical decisions by osmosis and unstructured observation of their more senior peers. 
Decision-making is now formally included in training curricula, as are other cognitive 
and team-working skills. Yet the details of how such training may be delivered, 
however, have yet to be fully elucidated and are bound to have limited effect if they 
are not based on sound empirical evidence as to how, in fact, surgeons make 
decisions.  
 
 Empirical work that elucidates the basic processes underlying surgical 
decision making can inform more structured training, and provide evidence to shape 
curricular development within the ISCP in the UK. Training should cover similar 
topic areas to those outlined in the research setting - again these include reasoning 
about risk in the presence of uncertainty (as well as effective communication of risk 
information to patients), and combining both clinical and appropriate non-clinical 
information with patient preferences to arrive at decisions. 
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3.6 Conclusions 
 
 Four specific aims were addressed in this review. These have relevance for the 
development of the thesis as a whole, in terms of providing guidance on what the 
important questions may be, and how to tackle them empirically. 
 
 The first aim was to examine the methodologies used to examine 
surgical decision making. Examples of both qualitative and quantitative 
methodologies had been published, and seemed complementary in their value. 
Interview methods seemed to deliver rich qualitative data in terms of understanding 
the issues involved, though appeared more useful for generating hypotheses than for 
testing them. On the other hand, the more experimental methods offered means of 
testing hypotheses quantitatively, though the range and scope of experimental 
methods used in studies in the review seemed limited in comparison to the plethora of 
options available in the wider judgment and decision making literature. In the 
experimental sections of the thesis, judgment analysis methodology was used rather 
than directly using the methods of the experimental studies in the review. 
 
 The next aim was to evaluate variability in surgical decision making. It was 
clear from this review that wide variability exists, though attempts to quantify this 
variability were limited in scope, as were efforts to understand its importance in 
relation to the development of expertise, or its implications for the provision of 
clinical care. 
 
 99 
 The third aim was to identify which factors have been demonstrated to affect 
surgical decision making. The majority of studies in this category focussed on the 
influence of specific clinical variables, rather than the wider contextual, personal and 
environmental factors identified by Sevdalis and McCulloch (2006) as potential 
influences on surgical decision making. Again, there was little data available to 
elucidate the effect of increasing experience on clinical judgment and decision 
making. Finally, although some insights into the process of surgical decision making 
itself were offered, these were limited, and offered no prescriptive advice on how 
surgeons’ decision making may be improved.  
 
 The contents of the review confirmed the instinct to use different methods, 
both qualitative and quantitative, to refine the research questions of the thesis and 
triangulate to them empirically. In particular, the paucity of data relating surgical 
decision making to expertise or experience, and what may be done to address any 
deficiencies revealed, seemed to be an important gap. Given the current educational 
relevance of clinical judgment and decision making in post-graduate surgical 
education, these issues formed an important focus in the studies that follow in this 
thesis. 
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Chapter 4: An interview study to identify decisions in the care of patients with 
symptomatic gallstones 
 
4.1 Introduction 
 
In order to take a systematic approach to researching applied surgical decision 
making, the initial task is to identify what the decisions actually are in the provision of 
surgical care. The study reported in this chapter describes an initial scoping study, 
exploring all the decision points in the care of a particular group of patients. In the 
example chosen for this study, the care pathway of patients with symptomatic 
gallstones is “mapped out” from a decision making perspective. The gold standard 
treatment for symptomatic gallstones is laparoscopic cholecystectomy (keyhole 
surgery to remove the gallbladder) (Soper et al, 1992).  
 
Qualitative research in other domains has provided a framework from which 
to build a pragmatic approach to the specific problem at hand, taking elements from 
grounded theory and adapting them to the specific needs of the study. Elements of the 
Grounded Theory approach (Glaser & Strauss, 1967), adapted to suit the requirements 
of the study, formed the theoretical basis for the study. However, the study was 
intended primarily to have a scoping function and as such the full requirements of a 
grounded theory study were not appropriate (e.g. continued sampling until complete 
saturation of data).  
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4.2 Aims 
 
The primary objective of this study was to list explicitly all the decisions made 
in the course of routine care of this particular patient group. In addition, information 
was obtained regarding relevant cues as well as explicit decision rules and heuristics, 
and where possible, these were compared between individuals. The decisions were 
placed in spatial context during the interview (considering the location within the 
hospital in which they occur). Understanding underlying judgments, use of cues, and 
heuristic strategies was intended to guide subsequent study design.  
 
The secondary objective of this study was to produce a map of the whole 
process of care in this case, with a focus on the decisions involved. Explicit rules and 
heuristics were also elicited and compared, where possible, between individuals. 
 
4.3 Methods 
 
4.3.1 Interview design 
 
The interviews were semi-structured. The initial design was fairly broad-
based, with open questions about the types of decisions surgeons make in practice, 
contextualised within each location in hospital in which surgical decisions are be 
made. However, on piloting, the interview remained too unfocussed, so additional 
questions were introduced that tied the more general questions to the clinical 
exemplar of management of patients with symptomatic gallstones. This resulted in a 
lengthy design, with 17 questions in total, so the more focussed questions relating to 
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decision-making in caring for patients with symptomatic gallstones were retained, and 
the more general questions were discarded. The interview was structured around the 
“patient journey” through secondary care, either entering the hospital system with 
chronic symptoms via the outpatient clinic, or acutely with a complication of their 
gallstones via the accident and emergency department. The design was finalised after 
a further successful pilot interview.  
 
Interview length varied from 18 minutes to an hour. Questions relating to what 
decisions were made at each stage were related to the physical locations of the patient 
at each phase (in the clinic, in A&E, on the ward and in theatre). A copy of the 
interview schedule is available in Appendix A.  To elicit intra-operative decisions and 
pertinent cues, an outline plan of the steps in the procedure was arranged 
longitudinally down a page for use as a visual aid. This was created using 
subheadings taken from a well-known text-book of operative surgery, and is also 
available as Appendix B. 
 
4.3.2 Participants 
 
A total of ten interviews were conducted with surgeons experienced at the 
management of patients with symptomatic gallstones, ranging from 5th year registrars 
with a minimum of 8 years surgical practice post qualification (n=3) to consultants 
(n=7) ranging from recently appointed to 10-16 years in post. They had each 
performed a minimum of 150 laparoscopic cholecystectomies (maximum 750-1000). 
They practiced either at a teaching hospital or at a district general. This range of 
participants formed part of a strategy of purposeful sampling. All were experienced 
 103 
clinicians, but from a range of practice contexts: some still nominally practising under 
supervision, others established consultants in differing hospital settings. Participants 
provided informed consent to participate, and were interviewed on the hospital sites in 
which they worked. All participants were known to the interviewer (RJ), who is a 
trainee in general surgery. 
 
4.3.3 Procedure 
 
Participants were initially briefed as to the purpose of the interview, and were 
asked to provide demographic information on a form. The focus was established, 
using the framework of the patient’s journey through the process of secondary care. 
Questions were then guided by interview schedule, posed in the order they appear on 
the schedule. The section relating to intra-operative decisions was left until last, when 
the visual aid was introduced. Audio recordings of the interviews were kept, either in 
digital format or on tape. The interviewer kept brief contemporaneous notes (with the 
exception of one interview, in which the participant made their own notes on this 
whilst talking through the operation).  
 
4.3.4 Data management and analysis 
 
Interviews were transcribed in full. Transcripts were crosschecked with 
original recordings for accuracy. Data confidentiality was maintained. There was an 
initial period of familiarisation in which transcripts were read and re-read to identify 
themes and develop an analytical framework. Relating back to the original study 
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objectives, decisions were then simply tabulated, and gradually a detailed set of 
coding instructions were developed via an iterative process. 
 
4.3.4.1 Coding strategy 
 
Qualitative research is by its very nature interpretative, but may be made more 
accessible using various methods of coding the data. Lessons were learned from 
Barbour’s reflections (Barbour, 2000) on a workshop addressing the practicalities of 
analysing interview transcripts. With respect to data aggregation, useful approaches 
included looking for common themes, notable exceptions, the type of language used 
and any emergent patterns. 
 
As analysis progressed, it became clear not only that different decisions could 
be identified, but also that those decisions frequently had rules associated with them. 
In fact, there were passages of text in which, although the participant did not 
explicitly identify a decision, they would state a rule of behaviour. This rule was 
dependent on the values of associated cues, and it was clear that a decision was being 
made. In this way, many decisions and cues were embedded in such rules. The coding 
strategy was modified to include identification of rules and cues as well as decisions. 
In addition, it became clear that cues were of differing “orders” so coding was 
modified to enable a hierarchy to be assigned to these cues, which were often 
clustered and used to form judgments about severity or likelihood, which were then 
fed in to the decisions. The final coding strategy involved identification not only of 
decisions, but also rules, cues and judgments. Explicit rules, cues and judgments were 
linked to the decisions to which they related.  Once a final coding strategy had been 
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arrived at and formalised in the form of detailed instructions for implementation, the 
data were coded in full by RJ. Coding instructions are available in Appendix C. To 
assess reliability of the methodology and coding, the data were coded independently 
by a non-medical colleague (NS), with a background in decision making research.  
 
4.3.4.2 Analysis and interpretation 
 
Once the dual coding was completed, the decisions in the process of care of 
the patient with symptomatic gallstones were listed according to the frequency with 
which they were found to appear in the interviews by each researcher. Any decisions 
which where found to occur in six or more interviews by at least one researcher were 
highlighted for further consideration, as their appearance in the majority of scripts 
was deemed to imply that these were decisions that occurred reliably across cases and 
surgeons, and therefore warranted detailed attention. Comparison between the two 
researchers with respect to frequencies of identifying this “hotlist” of the most 
important decisions enabled some limited quantitative analysis to ascertain reliability.  
 
Data analysis proceeded along several linked strands. Results of coding were 
compared between the two researchers (surgeon and psychologist) in an assessment of 
reliability. Where either or both researchers identified the same decisions in the 
majority of scripts (6 or more), this was deemed to imply that these were decisions 
that occurred reliably across cases and surgeons, and therefore warranted detailed 
attention. The most frequently arising decisions were tabulated, and arranged to create 
a decision map of the care pathway. Specific selected decisions were analysed and 
discussed in turn in more depth, with reference to a series of key themes that emerged 
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during the analysis. These are linked together in a discussion section presented after 
the results.  
 
4.4 Results 
 
The results from this study are presented in six sections. Firstly a sample of 
the data is provided.  Next, the reliability of coding is presented.  Next, the decisions 
in the process of care are tabulated, then arranged into a “decision map” describing 
the process of care.  Next, two broad types of decision strategies identified are 
discussed. Finally, one particular quantitative judgment of operative risk (conversion 
from the keyhole to the open procedure) is described in detail. 
 
4.4.1 Sample of data 
 
The table on the following page contains a summary (divided into pre-, intra- 
and postoperative phases) of the data from one of the interviews, in order to convey 
clearly its nature and richness. This particular dataset was taken from a specialist 
registrar nearing the completion of training. It is fairly representative of the transcripts 
in terms of the range of decisions considered, types of cues used and details of rules 
expressed. In particular, one or more rules were expressed for the majority of intra- 
and postoperative decisions, often in the “if . . .then” format. Typically, the 
preoperative diagnostic decision making and decision whether to offer surgery were 
not operationalised as clear-cut rules: this recurred where estimating likelihood or risk 
formed an explicit component of the decision process. In selecting a conversion rate  
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Table 4.1 Detailed breakdown of interview 1 
 
1.  Preoperative decisions 
 
Decision Cues Rules 
Peptic ulcer disease or 
gallstones 
History (Upper abdominal symptoms: abdominal pain – 
colicky, right-sided, band-like, post-prandial, after fatty 
meals vs reflux, pain resolved on eating), previous 
jaundice or pancreatitis 
 
   - 
Whether to perform 
ultrasound 
Symptoms present, pain after eating, non-invasive 
straightforward test 
1. If they’ve got significant enough symptoms it’s a 
given 
Whether to perform OGD Symptoms significant, age of patient, reflux, epigastric 
pain, anaemia, dyspepsia, hard to distinguish gallstones 
or peptic problem, setup of clinic/access, invasive test, 
own threshold 
1. If the symptoms are significant, it’s done 
2. If they were over the age of 45, with . . . reflux, 
epigastric pain and certainly anaemia of unknown 
cause 
Whether to operate Any significant complications (cholecystitis, 
pancreatitis, obstructive jaundice, biliary colic), quality 
of life, co-morbidities, weighing risks and benefits, +/-
anaesthetic opinion 
 
   - 
Whether to get anaesthetic 
opinion 
   - 1. “if needs be” 
Selection of patients for day 
surgery 
Institution, age of patients    - 
Laparoscopic or open 
operation 
Experience, trainers, multiple abdominal operations, esp 
upper abdomen, co-morbidity, general feel of patient, 
scars on abdomen, what scars for, intra-abdominal 
sepsis (peritonitis, appendicitis) 
1. If they’ve had multiple operations. . .(+/-) intra-
abdominal sepsis, you’re obviously going to find 
more adhesions . . ., but you’d still be likely to have a 
go with a laparoscope 
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Whether to document method 
for pneumoperitoneum at the 
OPD stage 
   - I would probably put it down in the notes then (at 
OPD) 
Whether to admit to hospital 
at presentation (A&E) 
Disease specific – differentiate with bloods (WCC, 
CRP, amylase) 
Biliary colic – pain control, recurrences 
Cholecystitis – US confirmation, severity, age, well, 
tolerating oral fluids, how sensible 
1. If it was biliary colic, which was well-controlled 
with simple analgesia, and as long as it wasn’t 
frequent recurrence, then you’d probably think about 
discharge and elective cholecystectomy 
2. If they’ve got a raised amylase, they’ve got 
pancreatitis, you admit them. 
3. If it’s a mild cholecystitis, . . confirmed on US and 
they’re relatively well and tolerating fluids, and 
they’re young, sensible, you can even get them home 
on oral antibiotics 
Operate early or late on a 
“hot” gallbladder 
Literature – 4 day window, other findings/symptoms 
(need for ERCP, obstruction), response to antibiotics, 
repeated attacks 
1. You’ve got a four day window when the anatomy 
is definable. After four days . . . you sit tight with 
antibiotics 
Whether to plan 
intraoperative cholangiogram 
Dilated CBD on US, institutional factors 1. If the ultrasound had shown a dilated common bile 
duct, you’d want to. 
Whether to perform 
preoperative ERCP 
Obstruction, dilated CBD on US, local unit policy, 
availability of experienced endoscopist 
 -  
Whether to arrange MRCP Unsureness, non-invasiveness of test 1. If you were unsure (about dilated duct on US) you 
can request an MRCP 
What conversion rate to quote 
to patient 
Local unit, national figures, multiple abdominal scars, 
previous abdominal sepsis 
1. There’s a 3% chance of opening 
2. In someone with multiple abdominal scars and 
previous abdominal sepsis, you’d say that risk . . .is 
higher 
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2. Intraoperative Decisions 
 
Open method or Veress 
needle for creation of 
peritoneum 
Local rules, guidelines, virgin abdomen 1. Strict guidelines say . . . do open 
2. If it’s a virgin abdomen, I would probably still 
use the Veress. 
3. If there’s any scars or history to suggest intra-
abdominal adhesions, then (do) an open Hasson 
technique 
What insufflation pressure 
to use 
Standard 1. I would always use a standard insufflation 
CO2 
Where to site the ports Standard/personal choice 1. I always use four ports – two 10mm, 
epigastric, paraumbilical or umbilical, and two 
5mm ports 
Whether to convert to open Result of attempted dissection, patient safety,  perception of 
conversion as “no bad thing”, adhesions (& density), clarity of 
anatomy, bowel involvement, adherence to GB, fibrosis of 
GB, difficulty manipulating, fibrosis/oedema of Calot’s 
triangle, visceral injury, bleeding (extent, ability to control 
laparoscopically) 
1. You’ve got to be clear in your head . . .for the 
safety of the patient, that it’s no bad thing to 
convert to an open . . . converting too late . . . is 
a mistake. 
2. (Adhesions) I would attempt to take them 
down 
Which instrument to use to 
dissect Calot’s triangle 
Safety 1. Dissection of Calot’s triangle I would always 
do with blunt dissection using Marylands 
attached to diathermy 
2. I think it is safest to use blunt 
Whether to perform 
intraoperative 
cholangiogram 
Surgical experience, comfort with procedure, resource 
Anatomical clarity 
1. If there’s any problem with anatomical . . 
.clarity then . . . I’d do a cholangiogram 
When anatomy of cystic 
duct clearly identified (safe 
to place clip) 
Identity of cystic duct, artery, node, cholangiogram, seeing 
cystic duct going into Hartmann’s pouch, view anteriorly, 
posteriorly, no other possible structures 
1. I’d always identify the cystic duct, artery if I 
can, . . . with the cystic node as a landmark 
2. If there’s any problem . . . I’ll . . . do a 
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cholangiogram 
3. If I can see the cystic duct leading into 
Hartmann’s pouch, and I’ve opened Calot’s 
triangle up, anteriorly, posteriorly, made a 
window . . .and there’s no other possible 
structure that can be going into Hartmann’s 
pouch. 
Whether to do a partial 
cholecystectomy (remove 
anterior wall or take at 
Hartmann’s pouch) 
Can’t dissect Calot’s triangle fully, can’t identify cystic duct, 
availability of cholangiogram 
1 Consider (it) . . .if you can’t dissect Calot’s 
triangle fully and you can’t identify the cystic 
duct and you haven’t got  the availability of the 
cholangiogram 
Type of clip to place on 
cystic artery (Laparoclip or 
Ligaclip) 
(Laparoclip) locking – feeling of security,  bigger sizes for 
large duct 
1. I was converted to using the Laparoclip 
because of the locking 
Choice of instrument to 
dissect gallbladder from 
bed 
Experience, ease of use 1. I always use the diathermy hook 
Whether to use bag to 
extract gallbladder 
Perforation, spillage, thin-walled gallbladder 1. I would tend to use a Burt bag most of the 
time 
Choice of port for 
gallbladder extraction 
Method taught, experience 1. Extraction of the gallbladder through the 
umbilical port 
Whether to place a drain Ooze from GB bed, bile spillage, stone spillage  
Choice of type of drain Lap approach or open (access, whether think of it as 
laparotomy) 
1. If you did a lap chole, you might do an 
extensive dissection but still leave a redivac 
drain in, a small calibre one. But if you’ve done 
an open . . .I don’t know why but you’re more 
likely to . . .leave  . . .Wallace drains in and 
things like that 
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3. Postoperative Decisions 
 
When to allow the 
patient to eat and 
drink 
Procedure straightforward, patient able 1. If it’s been a straightforward procedure, I’d say eat and drink 
when able 
When to take the 
drain out 
Reason for placement, quantity of drainage, abdomen 
soft, non tender 
1. If there’s . . .less than 30 mls over 24 hours, I would take it out. 
2. If it’s . . . 50-60 mls . . .and they’re still a little tender, to me 
it’s worthwhile leaving the drain in a little longer 
Decision to 
discharge 
Observational parameters: obs, pulse, BP, abdomen 
soft, no excessive nausea and vomiting 
1. The decision is basically on observational parameters 
Whether to follow 
up the patient 
Who you work/trained with, straightforwardness of 
operation, whether: symptoms suggestive, GB 
diseased, gallstones on pathology 
1. If it’s a straightforward lap chole . . .for symptoms that are 
highly suggestive . . .and there’s a diseased gallbladder with 
gallstones pathologically, there’s no need for followup. 
 112 
to quote to the patient, an “anchor and adjust strategy” is described with clarity by this 
subject. 
 
However, as a trainee, this subject refers to the impact of the practice of 
trainers/supervisors (referred to in three separate places in the “Cues” column) in a way that 
was absent from the transcripts of the more experienced surgeons’ transcripts, with their own 
established autonomous practice. 
 
4.4.2 Reliability of coding 
 
Dual coding allowed reliability assessment to be carried out in terms of how many 
decisions were identified by each researcher in each interview. These raw numbers are 
presented in Table 4.2 overleaf. Total and mean numbers of decisions per interview are listed 
for each researcher, and the absolute difference in number of decisions is stated for each 
interview, as well as a mean absolute difference. 
 
Decisions that were present on textual analysis at a semantic level were excluded if 
they were: trivial; did not relate to actual clinical management (versus communication); did 
not relate to the laparoscopic approach; or were extrapolated from a stated “always/never” 
type rule that the participant considered inflexible in their own practice, thereby not 
constituting a decision for that individual clinician. These alterations were necessary to avoid 
artefactual distortion of the picture, due to slight semantic differences in the way in which the 
coding instructions were understood by the two researchers. 
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Table 4.2 Number of surgical decisions in the management of symptomatic gallstones 
Interview number Number of decisions 
found (RJ) 
Number of decisions 
found (NS) 
Absolute difference 
1 21 21 0 
2 26 24 2 
3 13 9 4 
4 16 15 1 
5 12 10 2 
6 15 13 2 
7 18 11 7 
8 15 18 3 
9 13 16 3 
10 11 13 2 
Total 160 150 26 
Mean 16 15 2.6 
 
The two researchers identified a mean of 15 and 16 decisions per interview 
respectively, with a mean difference of 2.6. The range of difference was 0-7. Many of the 
surgeons found it difficult to think in terms of identifying decisions in the care pathway, 
although they are clearly making them in the course of delivering patient care. This was 
evidenced by comments such as “I’ve never thought about it like this before.” Some surgeons 
were more able to conceptualise the decisions than others, and despite the framing of the 
questions in the format “What decisions do you make . . .”, some were inclined to give a 
commentary on what they do and why. This is probably reflective of the degree to decision 
making is “automated” – these are experienced participants – which made identifying 
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decisions more difficult in the coding process. Only one interview had a difference of 7 
decisions identified between the two researchers, with the remainder in the range of 0-4, and 
in this particular interview the problem described above was greater than in most. The level 
agreement between the two researchers was deemed evidence of adequate reliability in terms 
of extraction of decisions from the transcript text. 
 
However, whilst such data provides some evidence of reliability, it does not convey 
which are the important decisions, nor the details of relevant cues and rules. For this reason, it 
was decided to select the most consistently discussed decisions for further detailed analysis, 
as these seemed likely to be both the most frequently encountered in clinical practice, and 
potentially the most important decisions in the care pathway. 
 
Where either or both researchers identified the same decisions in the majority of 
scripts (6 or more), this was deemed to imply that these were decisions that occurred reliably 
across cases and surgeons, and therefore warranted detailed attention. Comparison between 
the two researchers with respect to frequencies of identifying this “hotlist” of the most 
important decisions enabled some further limited quantitative analysis to ascertain reliability. 
 
For the most part, there was considerable inter-researcher reliability in terms of which 
decisions appeared on the overall list. Eleven out of the fifteen decisions were coded as 
present in six or more interviews by both researchers, and a further three were included as 
surgeons had either described a decision or expressed an inflexible personal rule in at least six 
transcripts (only coded by one researcher as discussed above) as comparison of surgeons’ 
personal decision rules was part of the objective of the study. Actual frequencies can be seen 
in the table in the following section. 
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The most notable difference between the two coders was with respect to whether the 
point at which the anatomy was identified constituted a decision or not. The surgeon 
researcher considered this to be a decision in eight of the interviews, for which detailed 
description of visual cues was provided, but the psychologist researcher did not consider from 
the transcripts that this was a decision in any of the interviews. This was the only instance in 
which (presumably) the differing backgrounds of the researchers impacted significantly on 
the process of coding/interpretation. The surgeon considered this to be a decision in eight of 
the interviews on the basis that detailed visual cues were described, and the background 
knowledge that there is a behavioural marker that signifies that identification has taken place, 
namely placing a clip on the cystic duct – an irreversible and committed step in the procedure. 
The psychologist, however, considered the descriptions of how this is achieved as part of the 
continuum of the procedural descriptions of the dissection offered by many interviewees. The 
extent to which this is either regarded as a decision by surgeons or is just another procedural 
step probably varies between individuals depending on experience and style of operating, and 
from case to case depending on difficulty. Whether the anatomy is (or can be) adequately 
identified was also a cue in deciding whether to perform intra-operative cholangiography as 
well as whether to convert to open. 
 
4.4.3 Decisions in the process of care 
 
The decisions in the care pathway are tabulated in table 4.3 overleaf. These represent 
the most often discussed decisions in the interviews, included according to the criteria 
described in the reliability section above. Figures refer to the number of surgeons discussing 
the particular decision, with figures in parentheses including those who expressed an 
inflexible rule, for those decisions which would otherwise have been excluded from the list. 
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Table 4.3 Decisions in the care pathway of patients with symptomatic gallstones 
 
 
4.4.4 Decision map 
 
The 18 decisions discussed above were arranged in a temporal order, to 
provide a visual representation of how they fit together during the patient journey to 
provide a “decision map” of the care pathway in Figure 4.4 below. 
 
Setting Decision  Number of 
surgeons (RJ) 
Number of 
surgeons 
(NS ) 
Symptoms due to gallstones or 
not 
10 9 
Which investigation to do (US) 5 6 
Whether to operate/whether to 
offer surgery or not 
10 10 
 
OPD/elective 
Open or laparoscopic operation 5 7 
Whether to admit 8 8 
Whether to start antibiotics 3 (6) 3 
Operate early or delayed 8 4 
 
Preoperative 
(acute setting) 
Whether to image the ducts 
preoperatively (ERCP/MRCP) 
9 7 
Open port insertion or Verres 
needle 
3 (8) 4 
Feasibility of laparoscopic 
approach/whether to convert to 
open 
9 10 
Identification of anatomy 8 0 
Whether to perform an intra-
operative  cholangiogram 
9 8 
Choice of instrument  5 (6) 3 
Extract gallbladder with or 
without a bag 
8 8 
 
Intra-operative 
Whether to use a drain 9 9 
When the patient can eat and 
drink 
8 6 
When to take drains out 7 9 
 
Postoperative 
When to discharge 6 6 
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Figure 4.4 “Decision map” of the care of patients with symptomatic gallstones 
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The map is arranged to place the decisions within the phase of patient care 
(pre-, intra- and postoperative phases). The map is sequential, with the pathway 
travelling vertically downward through each phase of care, and horizontally across the 
map as each phase of care is completed and the next phase commenced. In addition, 
the preoperative phase was loosely subdivided into elective and emergency sections, 
to facilitate inclusion of the additional decisions arising when patients present in the 
emergency context. Additional “arms” or pathways are more likely to be involved in 
the case of emergency presentation of the patient, on the right hand side of the first 
column. Of note are the “free-floating” decisions in the intra-operative phase, relating 
to instrument selection, which recurs throughout the procedure, and 
feasibility/whether to convert to open, which may be reassessed/arise at any time prior 
to closure of the abdomen.  
 
4.4.5 Decision strategies 
 
In this section, selected decisions are discussed in detail with respect to key 
analytical themes. Some of the decisions included in the map above are self-evidently 
more consequential than others; analysis of the interview transcripts also revealed 
other qualitative differences in terms of the likely strategies for decision making, with 
implications for which ones may require senior input/carry increased potential for 
error, and what training strategies may be effective for helping junior surgeons 
achieve competency at making these decisions. 
 
Evidence from the interview transcripts allowed identification of which decisions 
are stated by surgeons in a rule-based format, and those which are associated with 
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more intuitive/ experience-based strategies. This latter category is more apparent with 
decisions that involve estimating likelihood or evaluating risk on some level, i.e. there 
is an increased degree of uncertainty engendered in the decision. 
 
This broad division, however, comes with several caveats: 
1. Statements on which this division is based are subjective accounts, which may 
be unreliable (issues relating to insight into decision making are discussed 
later). 
2. These two categories are not entirely mutually exclusive. 
3. Experienced surgeons in this group are not necessarily consciously utilising 
rules in practice where expressed (in a group with high expertise such 
decisions may well be automated to a high degree). 
 
 However, the ease of expression of such rules implies ready deconstruction of 
decisions in this category into a straightforward rule-based description, albeit with 
some minor variation between individuals. 
 
 Four decisions were selected for detailed consideration with respect to this 
theme: the first two “experienced-based” and the second two “rule-based”. These are 
drawn from all three phases of care. A table is presented afterwards, placing each of 
the 18 decisions in categories according to this division, with brief explanatory 
comments. 
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4.4.5.1 “Experience-based” decisions 
 
Decision 1: Are the symptoms due to gallstones or not? 
 
This was discussed at length by all participants, in particular by contrasting the 
history given by patients with gallstone problems with that of peptic ulcer disease. 
Presence of gallstones on ultrasound was necessary but not sufficient (described by 
one surgeon as “minimum confirmation”) with emphasis being paid to the symptoms, 
being “suspicious for”, “suggestive of” and “compatible with” gallstones. This was 
illustrated by comments such as those in Box 4.5 below, along with examples of 
specific features that helped distinguish the two conditions. 
 
No explicit rules were expressed by any of the participants. Interviewees made 
numerous references to seeking “typicality” or the “pattern” in the way that patients 
described their symptoms. It also provides a psychological mechanism for grouping 
large numbers of clinical cues, thereby overcoming the limitations necessarily 
imposed by the capacity of working memory.  
Box 4.5 Making the diagnosis 
 
 “Just because someone has gallstones on their ultrasound does not mean 
their symptoms are related to gallstones.” 
 “Colicky abdominal pain, right-sided, band-like in nature, post-prandial, 
maybe after fatty meals, whether it’s typical peptic ulcer type symptoms of 
reflux, pain resolved on eating and so on.” 
 The location of the pain can be quite similar, although radiating to the back 
is much more common for gallstone disease, and radiating up the chest is 
more common for reflux disease, or having a foul taste in the mouth . . . 
Vomiting with the pain is much more consistent with gallstone disease, it’s 
not very common with reflux disease. Um, feeling of bloating and that sort 
of thing is much more common with gallstone disease . . .Symptoms 
coming on during pregnancy or something along those lines is much more 
common for gallstone disease. Reflux can happen with pregnancy too, but 
again it’s a different pattern.” 
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The corollary of finding the “typical” is recognizing the “atypical”, and 
variables that render such atypical presentations more likely. One surgeon discussed 
seeking risk factors for ulcer disease, and gave special consideration to elderly 
patients: 
“I also think in particularly more elderly people I take a history about any 
dysphagia, weight loss, change in bowel habit as well. You can always be caught out 
by a GI problem rather than a gallbladder problem.” Although he did not state so 
explicitly, the surgeon here is asking targeted questions to assess the likelihood of 
malignancy in the gastrointestinal tract. In probability terms, he has incorporated the 
greater prior probability (ie in this case higher incidence of GI malignancy in the 
elderly vs non-elderly population) into his strategy for history-taking. The increased 
likelihood of a positive finding justifies, for him, the extra investment of time and 
effort involved in asking these additional questions. It was unclear from the interview 
data whether this surgeon follows the logic outlined above at a conscious deliberate 
level, but it provides support to the notion that clinicians can behave as “natural 
Bayesians” (Gill et al, 2005) on an intuitive level. 
 
Decision 2: Whether to operate 
 
 This decision was identified as an especially important one, as a generic 
“whether to operate” decision occurs in the management of the majority of surgical 
patients. Thee transcripts indicated a weighing up of the risks and benefits of surgery 
on an ad hoc basis. This is done at an informal level “based on experience.” Gathering 
of information relevant to risks posed by co-morbidity occurs early on (during the 
process of taking the history), which may be prior to definitive diagnosis. This is 
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evidenced by comments such as those in Box 4.6 below. In addition, potentially 
difficult technical factors are taken into consideration:  
 
 
This integration of the risks and benefits is carried out informally via a series 
of (implicit) qualitative judgments. Formal techniques are not employed:  
“I’ve never come across or done personally an objective sort of risk analysis.” 
 
The decision was easy and straightforward if the ratio of benefit and risk was 
clear cut: one surgeon said “If I’m reasonably convinced their symptoms are due to 
gallstones and there’s no other, there’s no other medical problems, then I wouldn’t 
have many reservations about offering them an operation.” Increased risk due to co-
morbidity makes the decision harder: 
“You, know the difficult category are the, the elderly with co-morbidity, where you 
have to decide, you have to balance up the risk of surgery against the risk of them 
having further complications of their gallbladder disease.”  
 
There was variation in emphasis on patient involvement in this important 
decision. One felt the decision rested largely with the patient: “it’s the patient’s 
decision if they want to go ahead with a chole on the basis that there’s a good chance 
Box 4.6 Deciding whether to operate 
 
 “I try to do a fairly thorough history so I can try to predict what their 
candidacy for surgical intervention would be.” 
 “I have already made an assessment at the beginning about age and fitness, 
so my assessment for an operation would have been made very early on.” 
 One surgeon would not operate on “asymptomatic gallstones . . . patients 
over 85, . . . patients with significant cardiac or respiratory comorbidity 
which means they wouldn’t tolerate an operation.” 
 “someone who has had multiple laparotomies I would think very carefully 
about, multiple laparotomies and minimal symptoms.” 
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that their symptoms will go, but not a guarantee.”  Another expressed concern as to 
the patients’ understanding of the operation in terms of risks: 
“Frequently the patients opt for surgery, but then they don’t necessarily take on board 
the full impact of what the potential complications are.” One surgeon described how 
the patient had made her choice to be operated on, even though he did not consider 
her symptoms really warranted it, and had a myocardial infarction (heart attack) on 
induction of anaesthesia. Including the patient’s perspective became even more 
important when the margin of benefit is narrower. The surgeon who provided the 
clinical example above said: 
“I think it’s a clinical balance, and a decision taken in conjunction with patients and 
their families, when it’s a hard one.” However, he felt it was the surgeon’s 
responsibility to provide clear advice, saying “at the end of the day, you have to make 
a recommendation.” 
 
4.4.5.2 “Rule-based” decisions 
 
Decision 1: Whether to do an open (Hasson) port insertion or use a Verres needle 
 
This decision relates to the technique used to gain access to the abdominal cavity 
in order to inflate it with carbon dioxide, thereby creating a working space within 
which to insert the instruments via ports through the abdominal wall.  
 
Two techniques are well known: use of the Verres needle, in which a needle with 
a sprung retractable tip is passed blind through the abdominal wall. The surgeon feels 
for two “gives” as the needle passes through the tissue planes of the abdominal wall, 
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and as it enters the abdomen, the absence of pressure on the sharp needle tip causes 
the retractable sheath to spring forward, covering the tip to prevent intra-abdominal 
injury. Carbon dioxide is then passed through the needle to insufflate the abdomen 
and create a clear working space. Ports are then introduced through the abdominal 
wall into this space using sharp trocars within the port sleeve, the first one being 
passed blind. Subsequent ports are visualised using the laparoscope during entry. This 
technique has the advantage of being quick, leaving smaller defects in the skin, and 
was the technique of choice when laparoscopy began, so many senior surgeons 
adopted its use. However, passing sharp instruments into the abdomen blind carries a 
risk of damage to internal organs, especially if adhesions are present, such as after 
previous surgery or intra-abdominal inflammation. 
 
The alternative “Hasson” or open technique involves cutting down to the level of 
the peritoneum in an open fashion, with the first port inserted bluntly under direct 
vision. This technique is now taught as routine by the Royal College of surgeons, on 
grounds of safety. 
 
Which technique to use remains a matter for individual preference, with surgeons 
expressing their own personal rules, ranging from always using the open method 
through to always using a Verres needle, with an intermediate category in which some 
surgeons used the Verres needle unless there was abdominal scarring with associated 
risk of adhesions. This was illustrated by the excerpts in Box 4.7 below. 
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*no previous surgery to abdomen 
 
This variation in personal rules depends on what the surgeons are used to and 
what works in their own practice, and often causes the guideline from the Royal 
College of Surgeons to be disregarded. 
 
Decision 2: When to remove the drain 
 
This was a decision over which a number of clear, fairly precise rules were 
articulated by participants. These depended predominantly on the drain content and 
quantity. The main concern is to ensure there is no biliary leak. Some surgeons also 
gave a volume criterion. Illustrative comments are provided in Box 4.8 below.  
 
In addition, staffing and organisational factors played a role for one surgeon, 
preferring the decision to remove a drain to be made by a member of his own team, 
and not by on-call staff. 
 
 
Box 4.7 Decision rules for port insertion 
 
 “I always use an open technique to do this, sometimes it can be a time 
consuming part of the operation, particularly in a fat person.” 
 “I always go for the open access even in the virgin* abdomen.” 
 “Even though the recommendation is of an open pneumoperitoneum, if it’s a 
virgin abdomen, I would probably still use the Verres. However, if there’s any 
scars . . .  or any history to suggest intra abdominal adhesions, then an open 
Hasson technique. . .” 
 “I always use a Verres needle, I’ve never done a Hasson technique yet.” 
Box 4.8 Decision rules for removal of drains 
 “Usually 24 hours unless there’s a bile leak.” 
 “I would take it out the following day if there was no bile.”  
 “It depends on the content and quantity of the drain.” 
 “If the drain in the first 12 hours or so, has not given more than 50 or so, 
and there is no bile in it, we tend to remove it.” 
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These four examples illustrate the types of decision strategy that surgeons 
report employing at these differing stages of the patient care pathway. Whilst it was 
not possible in this chapter to discuss every decision in such detail, the broad 
approach for each of the eighteen decisions is summarised in table 4.9, together with 
comments on the way data have been classified. It is clear on inspection of the table 
that the majority of “process” type decisions may be described in a rule-based format, 
though many of the more key decisions - such as diagnostic decision making, 
deciding whether to operate, and the correct identification of the anatomy, (all of 
which are of paramount importance) - are in fact predominantly experience-based. 
 127 
 
Table 4.9  Strategies used to make decisions in the care pathway of symptomatic gallstones based on self reports. 
 
Decision 
Based on 
judgments of 
likelihood/risk 
Rule based 
(if:then or 
always/never) 
 
Comments 
Symptoms due to 
gallstones or not 
 
 
A large number of cues are integrated. Surgeons search for typicality, especially in 
terms of pain and associated symptoms. 
Which 
investigation to do 
 
(OGD) 
 
(US) 
US is the first line investigation and performed as standard. OGD is arranged for 
atypical symptoms raise suspicion of GI disease. Service availability is a factor. 
Whether to 
 operate 
 
 
Likelihood of symptoms being due to gallstones and severity combined qualitatively 
with assessment of comorbidity to decide whether the patient is likely to benefit 
Open or 
laparoscopic 
 
 Individual rules: either “always start laparoscopic” or “if multiple previous 
laparotomies, then start open” 
Whether to admit   The important features relate to how unwell the patient is, and the degree of diagnostic 
uncertainty, which may be resolved by urgent US if available 
Whether to 
start antibiotics 
 
 Antibiotics are started if markers of sepsis (raised WCC, fever), or there is evidence of  
cholecystitis (on US) or biliary obstruction (on LFTs/US)  
Operate early 
or delayed 
 
 
 
 
This decision appears to be largely rule-based but with flexibility for exceptions (ie 
operate early if within x days of onset of symptoms, otherwise bring back for delayed 
operation), modified if patient is either due for a delayed operation but deteriorating on 
medical therapy or resources are not available for an early operation where indicated 
Whether to image 
the ducts preop 
  
Whether to 
perform an intraop 
cholangiogram  
 
 
 
 
Preop imaging performed if bile duct dilatation/obstructive jaundice. This is in the form 
of MRCP if the index of suspicion for bile duct stones is low due to its safety. ERCP is 
arranged either if the initial index of suspicion for bile duct stones is high or they are 
confirmed on MRCP, as an intervention can be performed at ERCP. Some lack of 
clarity within/between individuals as to when to perform intra-op cholangiogram 
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Hasson technique 
or Veress needle 
 
 Personal rules are applied. RCS advises trainees to learn and perform open port 
insertion. 
Whether to convert 
to open  
  Convert if: uncontrolled bleeding, no progress for x minutes (=rules, x is variable)  
Or: actual/suspected bowel injury, unable to ascertain anatomy (=risk judgments) 
Identification of 
anatomy 
 
 
Detailed visual cues. Some optical illusions/traps for the unwary described that could 
result in error if unrecognized. Uncertainty regarding structures diminished by 
dissecting until threshold reached at which deemed safe to clip 
Choice of 
instrument 
 
 Surgeons described specific choice of instruments for differing stage of the operation, 
subject to individual preference 
Whether to use a 
bag 
 
 Most had a personal rule – either always to use a bag, or to use on if the gallbladder 
looked fragile/was leaking 
Whether to use a 
drain 
 
 Personal rules – either in case of suspected bile leak +/- if oozing/bloody, or for acute 
cases 
When patient can 
eat and drink 
 
 Straightforward - as soon as tolerated 
When to remove 
drain if used 
 
 Rule-based depending on drain content and quantity: all would leave in >24 hours if 
bile-stained, but some also described a quantity criterion (eg <50mls in 24 hours). 
When to discharge   Discharge on day 1 post op provided no “deviation from course”. Complications 
suspected if more pain than a typical patient 
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4.4.6 Estimating the risk of conversion to open 
 
In addition to those who discussed the patient role in the decision to operate, 
several surgeons described the process of obtaining consent in some detail, outlining 
which risks they would communicate to the patient and how. One of the topics 
routinely discussed during this interview is the risk of conversion – being unable to 
complete the operation laparoscopically and reverting to the traditional open 
approach. Of those who broached the topic of this judgment of risk (captured rather 
patchily as this interview was designed to identify decisions rather than judgments), 
all of them supplied the risk in the form of a percentage chance. This was notable for 
being the virtually the only quantitatively expressed parameter in the interviews as a 
whole - perhaps because conversion rates are published and known, so greater 
certainty regarding the true figure was possible. The rate quoted by individuals for 
uncomplicated cases was similar, ranging upwards from 2 per cent:  
“I would give them a 2% conversion risk and tell them about risks of bleeding 
and biliary tree damage.”  
“There is about a 4% risk they might be converted to open and obviously we 
could not wake them up to ask them, so we consent them for both.” 
 
 Where there were complicating factors likely to bring technical difficulty, 
some adopted an “anchor and adjust” strategy. During the discussion some of the 
factors shaping perception of that risk became apparent, for example: 
“There’s a three percent chance of conversion, so obviously in someone with multiple 
abdominal scars and previous abdominal sepsis, you’d say that risk is higher.”  
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The impact of previous surgery was highlighted by another consultant, who felt some 
junior sugeons were not fully aware of the extra technical difficulty entailed:  
“A lot of (patients) were placed on the list for a lap chole, um, by SHOs and 
registrars, and they never examined the patient – they had previous right 
hemicolectomies and a gastrectomy and likewise, which made the access almost 
impossible.” 
 
In addition to scars and sepsis, one surgeon described how the conversion rate 
and complication rate varied in his hospital in relation to the time since onset of 
symptoms: 
“Everything is nil up until 4 days, then it shoots up, whoosh, dramatically.” 
These comments demonstrate some of the factors affecting this judgment, which was 
unique in terms of being the only quantitative judgment in the care pathway. 
 
4.5 Discussion 
 
This study has provided an initial exploration of the decisions involved in this 
particular care pathway. The decisions have been “mapped”, and strategies for 
decision making have been analysed in more depth, with detailed examples from 
interview transcripts relating to four decisions. 
 
The use of interview methodology successfully addressed the aims of the study, of 
identifying all the decisions in the care pathway. However, not all surgeons found it 
straightforward to articulate the decisions clearly. This may be because this forms a 
novel perspective, but in addition it may reflect a degree of automaticity: participants 
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were an experienced group so may not necessarily be aware of all the choices they 
make, embedded in procedural knowledge. Features that contribute to the perception 
of something being a decision include an awareness of having choices and deliberate 
conscious attention (Chapman & Niedermayer, 2001). 
 
 This raises the wider question of insight. The fact that humans generally have 
poor insight into their own decision making processes represents this study’s greatest 
limitation, as descriptions of strategies may be inaccurate. They may also be affected 
by social desirability, with “thoroughness” being prized. In practice, for example, the 
process of history taking may be much more focussed than the impression given at 
interview. 
 
Development of the interview took place in several stages. With hindsight it would 
have been preferable to ask explicitly about judgments as well as decisions, as it 
would have been interesting to gather more data on these, and how surgeons 
perceived their assessment of risks. In addition, probe questions could have been more 
prepared and standardized. 
 
The interviews were also affected by the fact that the interviewer (RJ) is also a 
surgeon, and is regarded as professional colleague by the interviewees, who were 
known personally to her. Chew-Graham et al (2002) explore the role of the 
interviewer in their paper “Lessons from interviewing fellow professionals.”  Despite 
the fact that assumptions shared knowledge could weaken the data obtained, it is 
argued that this is counterbalanced by the argument that interviewees are more 
relaxed, able to express themselves in language they feel comfortable in, can cover 
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more material in a shorter time and are less likely to feel that scrutiny from an 
“insider” is threatening, given that the shared understanding extends also the 
difficulties posed by the job. 
 
4.6 Conclusions 
 
Despite the constraints and limitations described, this study has provided an 
in-depth view into the process of care of patients undergoing laparoscopic 
cholecystectomy from a decision making angle. This may be an extremely useful 
perspective, for three reasons. 
 
Firstly, an important role of the surgeon may be conceived as that of decision-
maker, with and on behalf of patients under their care. This is underlined in the 
CanMEDs view of expertise, as discussed in Chapter 1 and adopted by the Royal 
College of Surgeons for curriculum development. If junior doctors are to be trained 
appropriately to fulfil this role, their training should take account of what decisions 
they are being trained to take. 
 
Secondly, it is known that patient safety represents a problem not just in the 
UK but across all developed countries in which adverse event studies have been 
undertaken to date.  These adverse event studies have focussed largely on observable 
errors, such as medication errors. It is likely that there is another, more difficult to 
measure, level of errors at the cognitive level of health professionals. By highlighting 
where decisions occur in the pathway of care, we identify potential sites for this 
hidden, cognitive layer of errors and harm. Once identified, decisions in a care 
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pathway can be assessed in terms of how likely it is that a wrong/sub-optimal decision 
may be made, and how consequential that may be in terms of harm. Appropriate 
safety solutions may then be identified, ranging from targeted training or senior 
supervision to formal decision support. 
 
Thirdly, it seems that many surgical decisions, in this care pathway at least, may 
be conceptualized as rules. Novice decision making is considered to be predominantly 
rule-based (Dreyfus & Dreyfus, 1986). Formalising decision rules where possible may 
be of enormous benefit for the novice decision maker, such as a Foundation 
programme doctor, junior SHO or any doctor working in a new and unfamiliar 
specialty. Where consequential decisions involve assessing probabilities and risk, 
experience has an important role, and thresholds for seeking advice should be 
appropriately low.  
 
This study was a qualitative, subjective study. Difficulties relating to 
individuals’ insight into their own judgment and decision making have been discussed 
above, and these represent this study’s greatest limitation. In order to understand these 
issues further, it would be valuable to conduct a quantitative study in which self-
report could be compared to more objective evidence about what information is 
utilised and how. The following chapter reports a simulation study in which 
participants are observed making many of the decisions outlined so far, in a realistic 
hybrid simulation (using both an actor-patient and a high-fidelity virtual reality 
simulator in a virtual operating theatre environment). This included the process of 
taking consent, in which most participants provided the actor-patient with a 
quantitative estimate of the likelihood of conversion to open - the only judgment in 
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this care pathway to be described in quantitative terms, and which will be further 
investigated in the subsequent judgment analysis study. 
 135 
Chapter 5: Using observation and think-aloud to study decision making in a 
high-fidelity simulated surgical environment  
 
5.1 Introduction 
 
 As discussed in the preceding chapter, surgical decision making includes a 
variety of decision types, each associated with different decision making strategies. 
Two of the most important aspects that emerged were pre-operative risk estimation 
(deciding whether to operate), and intra-operative decision making (selecting the next 
appropriate operative step, and when and how to perform it). Each of these will be 
considered in turn, as both were potential avenues to pursue in this thesis.  
 
The first issue to consider is the preoperative consideration of operative risks. 
Some sort of process of risk estimation and evaluation of potential benefit, either 
explicitly or implicitly, is essential prior to the decision to offer a patient any 
operation. When surgeons are making a decision about whether it is appropriate to 
operate in any particular clinical situation, this process might be automatic and 
subconscious if the surgeon is experienced and the ratio of risk to benefits is clear-cut. 
As such, it may not require conscious attention. In novel situations, or where the 
balance is not so obvious (for example elective surgery in the elderly with co-
morbidity), the question requires conscious deliberation, as illustrated in the interview 
study previously. Regardless of the psychological process underlying such risk 
evaluation process in the mind of the surgeon, once the decision is made, the potential 
risks and benefits must be explained explicitly to the patient, to help them to decide 
whether the operation is indeed something they want. This is not simply good practice 
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in communicating with patients; it is a legal requirement prior to the patient providing 
their consent for the operation.  
 
During the operation itself, the surgeon has to follow a sequence of operative 
steps, progressing from one to the next (or diverging from the planned sequence 
where necessary) in a dynamic fashion. Intra-operative decision making is perhaps 
best conceptualised in terms of situation awareness, as per Endsley’s model (Endsley, 
1995), in which perceiving, interpreting and projecting forward the visual and tactile 
cues from the operative field, as well as the wider operating theatre environment, is a 
key pre-decisional process. This is illustrated in Figure 5.1 on the following page, and 
is similar in terms of its “front-loaded focus” (emphasis on perception) to many of the 
models within the NDM research paradigm. 
 
Both of these elements of surgical decision making are legitimate areas of 
study appropriate for this thesis. The study presented in this chapter explored both 
elements using simulation, observation and think-aloud with a view to selecting which 
area to choose as the focus the remainder of the thesis.  In the end, risk estimation was 
selected for further experimental study, and the reasons for this are explained in the 
discussion of this chapter. 
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Figure 5.1 Model of Situation Awareness (Endsley, 1995) 
 
 
 
 
5.1.1 Role of simulation 
 
Simulation may be used to immerse a clinician within a realistic environment 
(Kneebone et al, 2006). Applied in a contextualised manner, simulation can mirror 
many aspects of performance in a real situation, offering opportunities to study 
clinical decision making. Compared to studying actual patient care, it has the 
advantages of avoiding the unpredictability of the clinical setting, with repeatable 
scenarios and no ethical concerns over whether interventions in the study could 
disrupt the delivery of care or breach patient confidentiality. 
 
In this study the peri- and intra-operative surgical environment were simulated 
to a high degree of fidelity. Virtual reality simulator technology, actors trained to play 
the part of simulated patients (SP) and simulated clinical settings were combined to 
provide a safe and standardised but authentic setting to evaluate surgical risk 
assessment, risk communication and decision making. This included a simulated 
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operating theatre, which has previously been used for the training and assessment of 
teamwork and communication skills (Aggarwal et al, 2004, Rao et al, 2006).The 
patient episode that was simulated was the inpatient care of someone undergoing a 
laparoscopic cholecystectomy, incorporating elements of care from admission to 
discharge. Simulation was combined with structured observation (all phases) and 
think aloud (intra-operative phase) to produce a dataset for analysis. 
 
  The preoperative section of this simulation took advantage of the 
preoperative requirement for formally obtaining the patient’s consent for operation. 
The consent process was used to oblige surgeons taking part to consider the operative 
risks explicitly, in a naturalistic setting. This allowed a detailed empirical examination 
of how the operative risks were communicated in a realistic setting, in order to 
provide insights into how these risks are actually conceptualised by surgeons. Intra 
operatively, think aloud was used as a process tracing approach. 
 
5.2 Aims 
 
In terms of the thesis, the main aim of this study was to establish whether 
simulation was a useful approach for studying intra-operative surgical decision 
making – determining whether it achieved an appropriate degree of fidelity to be 
sufficiently realistic for surgeons’ decision making to mimic its counterpart in the 
real-world setting closely enough to provide a useful research environment. If so, it 
would provide a range of study design options to explore.  
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 The study was performed in the context of a collaboration integrating the 
potential of simulation for assessment of effective surgical performance in four skill 
domains: technical proficiency, communication, management of stress and decision 
making. A final aim within the collaborating group was to test the feasibility of the 
simulation for assessment of surgical performance in these four domains in a 
simultaneous, integrated evaluation. 
  
5.3 Methods 
 
 RJ contributed significantly to the design of the overall simulation, developed 
the decision making element, recruited the subjects, led the organisation of the 
simulations and collected the data, and analysed the decision making data. Technical 
proficiency, communication, and stress management data were collected by other 
researchers, and are not reported here. 
 
5.3.1 Participants 
 
A total of 10 surgeons participated, 2 in a pre-pilot phase and 8 in the main 
period of data collection. 8 had 4-5 years experience since qualification, one was a 
senior registrar (in his final year of training) and one was a consultant. 
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5.3.2 Materials 
 
5.3.2.1 Preoperative consultation 
An SP was trained to portray a patient about to undergo a laparoscopic 
cholecystectomy, and a simulated set of patient notes was created for the preoperative 
consultation. The SP was dressed in a hospital gown and seated in a simulated 
consultation room. 
 
5.3.2.2 Operating suite 
The simulated operation was set up in a virtual interventional suite, consisting 
of a replicated operating room environment and an adjacent control room, separated 
by a one-way mirror. The operating room contained a standard operating table, 
anaesthetic, diathermy and suction machines, trolleys with suture equipment and 
surgical instruments and operating room lights. A further trolley contained standard 
anaesthetic equipment, tubes and drugs. The complete surgical team was represented, 
comprising anaesthetist, primary surgeon, surgeon’s assistant and circulating nurse.  
 
 For the purposes of this scenario, the intention was to recreate a laparoscopic 
cholecystectomy. A high-fidelity procedural simulator (Lapmentor, Simbionix 
Corporation, Cleveland, Ohio, USA) was incorporated into the suite. The simulator is 
based on a trolley-like platform, and the user interacts with it through the use of two 
generic laparoscopic handles which also provide force feedback. The third handle is 
the camera port, enabling another individual (the surgeon’s assistant) to control the 
camera position within the virtual abdomen. The virtual image is displayed on a flat 
screen monitor placed directly above the virtual abdomen. 
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Within the virtual interventional suite, the simulator was placed into the space 
previously occupied by the operating table. A synthetic head and lower limbs from a 
resuscitation mannequin (Resusci-Annie, Laerdl, UK) were fixed into position at 
either end of the virtual abdomen, and the monitor removed. The area around the 
laparoscopic tools was covered in synthetic skin (Resusci-Annie, Laerdl, UK) and the 
entire simulator covered with sterile operating drapes. A genuine laparoscopic stack 
(Karl Storz Endoscopy Limited, Slough, England) consisting of monitor, insufflation 
device, light source and video camera was appropriately placed adjacent to the draped 
simulator. The video feed of the simulator was diverted to the monitor on the 
laparoscopic stack recreating the realism of the situation. The operative setup is 
pictured in Figures 5.2, 5.3 and 5.4 on the following pages. 
 
The role of camera holder was taken by a fourth year medical student who had 
previously observed but not participated in laparoscopic procedures. A simulated 
anaesthetist was present, together with a circulating nurse. 
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Figure 5.2 Simulator setup prior to application of surgical drapes 
 
 
Figure 5.3 Simulated operation in progress 
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Figure 5.4 View of operative field during dissection 
 
 
5.3.2.3 Recovery ward 
For the final section of the simulation, the SP was lying in a bed, with 
abdominal dressings and an intravenous infusion in place. Patient notes and charts 
were available for a postoperative consultation. 
 
5.3.3 Procedure  
 
Surgeons provided written consent to participate in the study. They then 
commenced the pre-operative part of the simulation with instructions that the patient 
had been previously assessed and recommended for surgery. Their task in the 
preoperative consultation was to obtain the patient’s informed written consent. This 
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process includes a discussion of the risks and benefits of the operation. The interview 
took place in the simulated consultation room. 
 
After the procedure, the surgeon visited the SP in a simulated recovery ward. 
The surgeon was asked to explain to the patient what had taken place and respond to 
any questions raised. Finally, participants completed a feedback questionnaire, rating 
their agreement or otherwise to statements relating to the realism of the simulation, 
the ease of providing the think aloud, and perceived aspects of the “safety” of the 
operation they had performed. 
 
5.3.4 Data management and analysis 
 
Events were recorded using tripod/ceiling-mounted cameras and unobtrusively 
placed microphones. From the preoperative consultation, data about risk 
communication included the actual consent forms completed, and the observational 
video data. The digital video and audio recordings of the preoperative interviews were 
reviewed against a checklist for explaining risk which aimed to identify aspects of 
how the risks discussed were conceptualized.  
 
During the operative sequence, the multiple streams of audio and video data, 
were fed into a clinical data recording device. Intra-operative decision making data 
was collected in two different modalities: observational and think-aloud. Decision 
making implies a commitment to action. These actions are observable and were 
captured visually in the experimental setup. The arrangement of the video feed 
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ensured that the visual cues used intra-operatively by the surgeon – the portion of the 
operative field visible on the monitor – were captured clearly.  
 
Think-aloud data were also collected during the operative phase of the 
simulation, with the surgeon having been instructed to articulate their actions and 
their reasons for performing them as clearly as possible. A separate microphone and 
recording device were attached to the surgeon’s lapel to ensure high quality recording 
for subsequent qualitative analysis. The surgeon’s assistant (medical student) was 
primed to ask open questions about what the surgeon was doing and why to restore 
the flow of think aloud data if verbalisation was interrupted. A radio link from the 
control room also enabled prompting to do this, and was required on a number of 
occasions in most of the simulations, at intervals when the participant ceased to 
verbalise the think-aloud component.  
 
Intra-operative decisions during laparoscopic cholecystectomy had been 
identified in the preceding interview study. The decisions evaluated were: feasibility 
of a laparoscopic approach/conversion to the open procedure, satisfactory 
identification of the anatomy (as marked by placing of clips), and whether to place a 
drain at the end of the operation. The decisions made by each surgeon were recorded 
by observation of their actions, and any relevant commentary was extracted from the 
think-aloud. In addition, the important decision of whether to seek senior advice was 
considered for the more junior surgeons taking part. Finally, surgeons completed a 
feedback form relating to the realism of the operative experience. 
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5.4 Results 
 
A total of 10 surgeons participated in the feasibility study, 2 in the pre-pilot 
phase and 8 in the main period of data collection. The data presented relate to the 
eight subjects who participated according to the final defined experimental protocol, 
and are presented in three sections. The first section presents selected data from the 
preoperative consent interview with the patient, focussing on communication about 
the risk of conversion to open. The second section contains the think aloud data from 
the intra-operative section of the simulation, and the final section presents the 
feedback data from the participants. 
 
5.4.1 Risk communication in the pre-operative interview 
 
 7 out of the 8 surgeons in the pilot used verbal descriptors such as “likely”, 
“common” or “infrequent” to describe the risk of complications, and 7 out of 8 used 
numerical risk descriptors. Of these 6 used percentages to describe the likelihood of 
certain complications. None of the 8 participants used visual aids to communicate the 
risks involved.  
 
 There were two surgical risks associated with the operation that were 
discussed by all 8 of the surgeons in this pilot study: the risk of bleeding and the risk 
of conversion to the traditional open operation. Infection and injury to the common 
bile duct were discussed by 7 of the 8 surgeons. Other surgical risks that were 
discussed by some surgeons included damage to other visceral organs, leakage of bile, 
and migration of gallstones into other parts of the biliary tree.  
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 3 of the participants made an attempt to tailor their risk statements to the 
individual patient, typically quoting a standardised population based figure (“anchor”) 
then adjusting it using a verbal quantifier, for example “In the general population the 
risk of conversion to open is 5%, but everything seems to be straightforward in this 
case, so for you, it would be lower than that”. This was taken as evidence of an 
“anchor and adjust” strategy. 
 
5.4.2 Intra-operative decision making: think aloud data 
 
Think-aloud and observational data are presented in outline in Table 5.5. Each 
row represents a subject in the study. The first column shows the grade of each 
surgeon, and the second corresponds to the difficulty of the operative scenario they 
faced.  
 
As most of the surgeons were fairly junior, they were given the least 
demanding of the “cases” programmed into the simulator. This was the “elective” 
case, with dissection parameters consistent with a history of uncomplicated biliary 
colic. Two more experienced participants undertook an “acute” case, representing a 
laparoscopic cholecystectomy during an episode of acute cholecystitis, with more 
friable tissues and a more difficult dissection. The third column describes any 
significant intra-operative complications that occurred with the procedure, namely a 
leak from the cystic duct after clipping for one, and significant bleeding from the 
cystic artery for another.  
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The remaining four columns represent the four specific decisions evaluated 
using the think-aloud data. All of the participants reached the point of clipping the 
cystic duct (necessary to complete the procedure). Their commentary as they 
approached this point is shown in the table, which could be compared to the visual 
cues on the monitor to see whether in fact their view was adequate for safe clipping of 
the duct at that particular time. For the remaining three decisions (whether to convert 
to open, whether to ask for help and whether to place a drain at the end of the 
operation) the statement “YES” or “NO” in each box refers to which decision they 
took. 
 
Interestingly, of the two trainees that experienced complications, neither 
sought senior help though the more experienced one elected to convert to the open 
procedure.  
 
However, despite an uncorrected leak of bile from the clipped cystic duct, the 
less experienced participant did not seek senior help nor place a drain, despite clearly 
indicating in the think aloud that there was a potential problem with leakage of bile, 
justified by saying at the end he could not “see lots of bile filling up” nor was he able  
to manipulate the tissue successfully to view the clip next to which the leak had 
occurred. 
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Intraoperative Decision  
(Observable behavioural marker) 
 
 
Grade 
of 
surgeon 
 
 
 
Scenario 
 
 
Problems 
during operation When anatomy adequately 
identified 
(Clips placed on cystic duct) 
Whether to convert to 
open (Whether requested 
to convert) 
Whether to ask for help 
(Whether asked) 
Whether to place a 
drain/ready to finish 
(Asked for drain/to finish) 
 
SHO 
 
Elective 
Leak from 
clipped cystic 
duct (not 
corrected) 
 “Cystic duct going into the 
gallbladder there . . . that’s the 
cystic artery running up here” 
NO                                        NO                                                        NO DRAIN 
 “that looks yellow, almost like bile. . . . I can’t see lots of bile filling up there, and I can’t get a 
better view of that lower clip” 
 
SHO 
 
Elective 
 
None 
  “This is the duct, it seems to be 
fairly continuous with the 
(gallbladder)  
NO NO NO DRAIN “just looking . 
. . if there is any leak or any 
bleeder. . .I’m ready to go” 
 
SHO 
 
Elective 
 
None 
“A nice demonstration of Calot’s 
triangle. . .I can see enough now to 
place my clips” 
NO NO NO DRAIN “I haven’t spilt 
any bile. . . no bleeding, 
everything’s nice and dry” 
 
SpR 
 
Acute 
 
Bleeding from 
cystic artery 
 
“That’s the cystic duct, that’s 
Hartmann’s pouch over there. 
YES                                       NO 
 “That’s the artery there. . . I’ve managed to tear it I’m going to 
have to find the other end. It’s there. (Clipped . . more bleeding) 
Ugh. I’m going to diathermy that. (Attempts) There’s a bleeding 
point here that I can’t clarify. . . I’d open. 
N/A 
 
SHO 
 
Elective 
 
None 
“I think that’s the cystic duct. . . 
common bile duct, common hepatic 
duct . . .cystic artery”  
NO YES “I haven’t done many, I’d like 
my consultant to come and 
confirm” (the anatomy) 
NO DRAIN “There’s no 
bleeding, it’s nice and dry, 
I’m happy.” 
 
Con-
sultant 
 
Acute 
 
None 
 “Gallbladder going into cystic duct. 
Bile duct is somewhere in there. . . 
artery appearing there, which you 
can see is pulsating.” 
NO NO NO DRAIN “Very dry, 
having stopped that bleeder 
. . . Looks fine – done” 
SHO Elective None “There’s our cystic duct. . . nice lot 
of space behind. . . .Our artery” 
NO NO NO DRAIN 
SHO Elective None “I can see the duct there. I’m just 
going to clear it up a bit more. 
(Cystic artery) There it is. 
NO NO NO DRAIN “We’ve 
checked down below for 
bleeding. Look down – 
looks good. OK fine. 
 
Table 5.5 Summary of intra-operative observational and think aloud data 
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5.4.3 Feedback on realism of operative scenario 
 
7 out of 8 participants provided feedback on the scenario’s realism by responding to 
statements about the scenario on an anchored Likert scale, with responses ranging 
from 1 (“Do not agree at all”) to 6 (“Completely agree”). In addition, a space was 
provided for free text comments. 
 
 Mean responses were consistent at approximately 4 (corresponding to slight 
agreement that the simulation offered a “realistic representation”) on three items 
relating to aspects of realism of the scenario: the laparoscopic model, the simulated 
operative environment and the cholecystectomy scenario. The mean result was similar 
for whether participants “would do the operation the same way in real procedures”. 
These results are shown below in Figure 5.6. 
 
Figure 5.6 Feedback on realism of simulation 
Performed same way 
as usual
ScenarioOperating theatreVirtual reality operation
6.00
5.00
4.00
3.00
2.00
1.00
0.00
M
ea
n
Error bars: 95% CI
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 The only one of these items in which the response was significantly different 
to a “neutral” test value of 3.5 (indicating neither agreement nor disagreement) was 
the item relating to whether they performed the operation the same way as usual. 
(mean 4.42, t (6) = 2.517, p = 0.045). Interestingly, the only consultant in the group 
rated both the VR simulated laparoscopic cholecystectomy and the cholecystectomy 
scenario as 2, indicating disagreement with the statements that these were “realistic 
representations”. 
 
 Space was provided on the feedback form for general comments about the 
simulation. Amongst the comments were several that related to the realism of the 
simulator. One participant felt it took time to get used to how the simulator works, 
and in particular that the menu for selecting instruments was confusing. Another said 
he felt bench models gave a higher degree of realism. The two more senior 
participants offered additional, more subtle insights: one remarked that the placement 
of the two operating ports was not ideal, leading to poor triangulation onto the 
gallbladder. The other commented on the tissue handling being the particular 
problem. This was echoed in the verbal comments received from several participants, 
who felt that the anatomy was easier to identify than in the real operation. 
 
5.5 Discussion 
 
This study was part of a collaboration integrating assessment of surgical 
performance in four skill domains: technical proficiency, communication, 
management of stress and decision making. RJ focussed on decision making, but the 
other three parameters were measured by other researchers. In terms of overall 
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feasibility, the wider study demonstrated this to be a successful, though resource 
intensive, approach to multimodal assessment of surgical trainees in a simulated 
clinical environment. 
 
 In terms of the thesis, there were two main aims to this study, the most 
important being to establish whether simulation was a useful approach for studying 
intra-operative surgical decision making. This question was central to this study, as it 
was important for determining the direction taken by the rest of the thesis.  
 
The use of a think aloud protocol was feasible because the communication 
load on the surgeon was otherwise relatively low, and enabled detailed information as 
to the surgeon’s reasoning, which could be correlated to the visual cues available in 
the operative field and assessed against specific behavioural markers for the decisions 
embedded within the operative section of the scenario.  
 
Participants’ commentary in the think aloud suggested that they were fully 
immersed in the simulated scenario, as no mention was made of the simulated nature 
of events as they proceeded. In addition, this was a contemporaneous account, not 
modified or reconstructed after the event in which the rationale for errors could be 
identified and potentially challenged. In many respects, the use of simulation, 
observable behavioural markers and think aloud was shown to be promising in terms 
of usefulness for formative assessment and training, and could be especially valuable 
if undertaken and reviewed with an experienced trainer.  
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However, this study identified some important limitations in terms of the use 
of these methods for generating further understanding of intra-operative surgical 
decision making. Theses related to the operative realism. For three out of the four 
questions relating to the realism of the intra-operative scenario, there was no 
significant agreement that a “realistic representation” was provided. The anatomy on 
the simulator seemed “too easy” with anatomical structures that would normally 
require considerable careful dissection to identify being too obviously seen from the 
outset of the operative part of the simulation.  
 
 The questions asked in the feedback questionnaire failed to differentiate 
between the realism or “fidelity” of the operative part of the scenario on a technical 
and behavioural level from its fidelity as a surgical decision making environment. On 
reflection these are related but distinct dimensions of the fidelity (realism) of a 
simulated operative scenario. However, based on responses to the free text part of the 
feedback questionnaire and verbal comments from participants, despite the high 
situational and technical fidelity of the setup, the intra-operative portion of the 
simulation lacked “cognitive fidelity”. In other words the normal cues that a surgeon 
would perceive, understand and project forward (thereby shaping their situational 
awareness and, according to Endsley’s model (Endsley, 1995), informing their intra-
operative decisions) though represented in the simulation, were not sufficiently subtle 
and sophisticated to be interpreted as normal by the surgeon, and failed to match the 
high fidelity of the technical and behavioural aspects of the simulation. This was the 
case despite the virtual reality technology and tactile feedback encapsulated within the 
Symbionix LapMentor simulator, which represents the current state of the art of 
current virtual reality surgical simulation. For this reason, the simulation approach 
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was not pursued further in terms of developing subsequent intra-operative studies for 
the thesis. 
 
 Data from the preoperative portion of the simulation provided some insights 
into how preoperative risk judgments are made. With respect to the likelihood of 
conversion to the open operation, data corroborated the interview study findings that a 
quantitative (percentage) risk is usually provided in the naturalistic setting, with 
further evidence of an “anchor and adjust” strategy based on the patient’s pre-
operative risk factors. This risk judgment was selected for further empirical study 
because the information required takes the form of facts about a given patient’s health 
and clinical background, rather than subtle dynamic visual and tactile cues, thereby 
lending itself to a range of more experimental (as opposed to empirical) 
methodologies. For this reason, a decision was taken to pursue further studies looking 
at surgeons’ estimations of preoperative risk rather than intra-operative simulation, 
using judgment analysis methodology to undertake quantitative analysis, with a goal 
of developing measures of performance at this key cognitive ability of surgeons. 
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Chapter 6: Using judgment analysis for quantitative assessment of surgeons’ 
judgments of the likelihood of conversion from laparoscopic to open 
cholecystectomy 
 
6.1 Introduction 
 
“The expectation of success which is the only warrant for surgery compels the 
surgeon to be more sensitive than his colleague to the implicit indictment of his skill 
and/or judgment signified by therapeutic failure. But to say that there is an 
expectation of success is to recognize the possibility of failure. In a very real way, 
every time a surgeon operates, he is making a book on himself.” (Bosk, 2003) 
 
When performing a laparoscopic cholecystectomy, one of the risks on which 
the surgeon “makes a book on himself” is the need for “conversion” – abandoning the 
laparoscopic (keyhole) procedure and reverting to the traditional open operation. This 
is an intra-operative decision which may be made for a number of reasons. These 
include bleeding, inability to define the anatomy, injury to local structures such as 
bowel and perceived risk of complication with continued laparoscopic approach. 
Studies have identified preoperative risk factors that make conversion more likely. In 
the preceding interview study, such risk factors for conversion were outlined by 
experienced surgeons. During the process of obtaining a patient’s consent for 
laparoscopic cholecystectomy, the likelihood of conversion to open is commonly 
quoted to the patient. Open cholecystectomy results in more post-operative pain and a 
longer hospital stay (NHS Institute for Innovation and Improvement, 2006). 
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Although accurate judgment of the likelihood of conversion of laparoscopic 
cholecystectomy to the open procedure is not a critical life-or-death issue, it is 
important in terms of helping to provide patients with the opportunity for informed 
consent and planning for their hospital stay. Technical difficulty at the time of 
operation (such as difficulty defining anatomy, or intraoperative haemorrhage) can 
require the surgeon to convert to the open procedure. This has caused some to argue 
that some sort of preoperative risk scoring to predict the technical difficulty of the 
case should be attempted for laparoscopic cholecystectomy, to ensure a more senior 
surgeon performs or at least supervises the more difficult cases (Tang & Cuschieri, 
2006).  
 
More importantly for the purposes of this study, it may be thought of as an 
“exemplar judgment” – in other words, it is an example of one of the many risk 
judgments made frequently by surgeons, on an either explicit or implicit basis during 
the course of their daily work. As described in the introduction, some of the most 
important decision making by surgeons, especially in terms of deciding whether to 
operate, involve balancing inevitable risks against potential benefits. These are 
frequently hard to assess due to inherent uncertainty in terms of whether relevant 
knowledge is available to the surgeon, and difficulties in how to apply a combination 
of existing evidence, experience and inductive reasoning to individual patients. All of 
these factors render such risks hard to quantify, and the way surgeons judge them has 
rarely been researched.  
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6.1.1 Clinical considerations 
 
In order not only for surgeons to make good decisions, but also for patients to 
be empowered to participate fully in decisions relating to their care (including giving 
informed consent), such benefits and risks must be assessed and  communicated as 
fully as necessary and as accurately as possible. This is facilitated by surgeons 
forming accurate judgments in the first place. Communication of risk often involves 
the use of verbal quantifiers such as “possibly”, “frequently” or “rarely”, as 
demonstrated in the consent task in the preceding simulation study. Use of verbal 
quantifiers is commonplace in medicine, though the interpretation of such terms is 
variable (Timmermans, 1994). 
 
Communicating the risks entailed in laparoscopic cholecystectomy (including 
the risk of conversion) arises frequently, as it is a commonly performed operation, 
carried out 50000 per year in the UK (NHS Institute for Innovation and Improvement, 
2006). Many clinicians quote a standardised figure based on local conversion rates or 
published series. Reported conversion rates commonly are between 1.5% and 10%, 
although rates ranging from 1% to 74% have been reported (Tang & Cuschieri, 2006).  
 
Studies have identified preoperative risk factors that make conversion more 
likely. Rates of conversion are subject to specific factors including the experience of 
the surgeon and patient-/disease-related variables (Tang & Cuschieri, 2006). 
Statistical models to determine which patient factors actually are predictive of 
conversion (and therefore should influence surgeons’ estimations of the risk) are 
available in the published literature (Giger et al, 2006, Kologlu et al, 2004, Schrenk et 
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al, 1998). One article was identified that contained a scoring system derived from an 
outcomes database that could be used to assign a percentage likelihood of conversion 
to open surgery (Kologlu et al, 2004). This provided the basis for a gold standard 
against which to compare estimates of the risk of conversion provided by participants 
in this study. This was the only risk prediction article available for conversion in 
laparoscopic cholecystectomy which provided a scoring system enabling the 
hypothetical cases developed for the study to be scored, giving a predicted percentage 
risk of conversion for each case in the set. 
 
It is unclear how the likelihood of conversion is actually judged by surgeons to 
vary in practice when complicating factors are present. Many surgeons express the 
risk of conversion to patients quantitatively, as either a percentage or as a frequency 
during the process of taking consent. However, the “anchor and adjust” strategy 
described by some participants in the interview study and observed in the simulation 
study (reported in chapters 4 and 5) may mean that that a precise figure is quoted in 
uncomplicated cases - the anchor - and verbal quantifiers used for the upwards 
adjustment in the presence of additional risk factors. This process of taking consent is 
performed by surgeons of a wide variety of levels of experience and seniority (from 
SHO to consultant), providing potential to develop the study in terms of drawing 
comparisons across groups of differing expertise.  
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6.1.2 Methodological considerations 
 
Judgment analysis methodology is based on the presentation of a series of 
multiple-cue case profiles. Regression modelling (typically linear regression 
modelling) is used to analyse how items of information (cues) influence judgment: in 
this instance to model the influence of relevant variables on surgeons’ judgments of 
the likelihood of conversion to open. In addition, the relative importance or “weight” 
of each variable can be determined for each participant. A profile of “cue weightings” 
can be developed for each participant. The details of the theoretical background that 
underpins this approach have been discussed in greater depth in Chapter 2. Specific 
considerations in the design of the task and cases for this study are discussed in more 
depth in Appendix D, which describes the process of designing the task and cases in 
detail.  
 
 One key feature of this study was the incorporation of a “gold standard” model 
against which to assess risk judgments, providing an evidence-based estimate of the 
likelihood of conversion for each of the cases in the study. The study selected 
presented a score derived from and validated on outcome data which could be used to 
read off the risk of conversion to open based on the risk factors, which were weighted 
and scored then plotted against risk of conversion, allowing this risk to be read off a 
graph based on the risk factors present in the case (Kologlu et al, 2004). Although the 
risk factors incorporated in the gold standard study were not identical to those 
included in the set of cases (by design – for example some non-predictive cues were 
incorporated on purpose), the risk factors in the hypothetical cases could be “mapped” 
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onto those in the gold standard study and scored without difficulty, and the likelihood 
of conversion for each hypothetical case read off the published graph.  
 
 The judgment analysis study design enabled the participants’ judgments of the 
risk of conversion to be modelled quantitatively, specifying the influence of each of 
the potential risk factors included, and reliability of their judgments to be assessed. 
Incorporation of a gold standard model into the design for comparison allowed their 
overall accuracy (or “achievement”) to be assessed as well. Results presented in this 
chapter are from a single group of participants (practicing clinicians at SHO level). 
Detailed idiographic analysis is presented, and comparisons made between individuals 
in this group, all of whom are of similar experience. In the following chapter, the 
same task is utilised, but results across three groups (novice, intermediate and expert) 
are presented, with a focus on nomothetic (group level) analysis. Feedback on the task 
from members of all three groups is also presented in Chapter 7. 
 
6.2 Aims 
 
The aims of the study reported in this chapter were threefold. The first was to 
evaluate the feasibility of the method/study design (using a judgment analysis task for 
quantifying and assessing surgeons’ judgments of risk) taking the risk of conversion 
to open of laparoscopic cholecystectomy as a clinical example. Next, I aimed to 
assess the reliability and additionally the accuracy of individual surgeons of similar 
expertise at making this judgment. Finally the study sought to investigate the 
influence of a number of variables on these surgeons’ risk judgments.  
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6.3 Methods 
 
In this study, surgeons were to be presented with a series of hypothetical 
patients. In order to retain as much realism as possible in the style of information 
presentation, it was decided to provide the case information either in the form of a 
clinic letter or, for the acute cases, with inpatient clerking notes from the first 24 
hours since admission, as would be available to surgeons as a summary of relevant 
information at the time of approaching patients for consent.  
 
6.3.1 Participants 
 
The data reported in this chapter consists of a detailed analysis of responses 
from thirty junior surgical trainees. Eligibility for trainees’ inclusion depended on a 
minimum of 6 months’ experience as a general surgical trainee and/or completion of 
the Membership of the Royal College of Surgeons examination, but not having held a 
substantive specialist registrar post. Because the study used human subjects, ethical 
approval was required. This was obtained from the local ethics committee. Informed 
consent to participate in the study also was obtained from each surgical trainee who 
participated using the consent form described above.  
 
6.3.2 Materials 
 
 In order to conduct this study, a series of multiple-cue case profiles were 
developed for hypothetical patients due to undergo laparoscopic cholecystectomy. 
The task itself and its development are described in detail in Appendix D, which 
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describes the process of cue selection, how the selected cues were incorporated into a 
fractional factorial orthogonal design, and design of other features of the study 
including the number of cases, the random selection of cases to be repeated to test for 
consistency and the way that they were reinserted at random into the case set. Of all 
the cues available, the following were selected for relevance (actual or perceived) and 
presence on the documentation: Age, Sex, Race, Biliary history (clinical story of the 
preceding gallstone-related problem), Previous surgery, Co-morbidity (combined with 
Age in final design) and Obesity. An overview of the task design is shown in Figure 
6.1 below. 
 
Figure 6.1 Overview of task design showing cues used in analysis 
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A full set of 84 cases were developed, comprising 64 design cases and 20 
repeat cases. These cases were represented in the form of either clinic letters or 
inpatient clerkings (admission notes). Examples are provided in Appendix E.  
 
In addition to the actual case materials, various additional documents were 
prepared for the study. Firstly, a participant consent form was produced (available in 
Appendix F) which incorporated a simple demographic questionnaire to collect data 
about participants’ age, sex, seniority, subspecialty and experience of laparoscopic 
cholecystectomy, including conversions to the open procedure. Finally, a feedback 
form about the task itself (provided in Appendix G) was prepared, the results of which 
are presented in the next chapter.  
 
6.3.3 Procedure 
 
For each hypothetical patient, surgeons answered the question, “What is the 
likelihood of conversion to open during laparoscopic cholecystectomy? Please 
express your answer as a percentage.” Judgments of the likelihood of conversion were 
provided by each participant verbally to one of the authors as a percentage probability 
(range, 0%–100%) of conversion to open for each case.  
 
To eliminate the experience of the operating surgeon as a confounding 
variable, task instructions stated that: 
“The operations are due to be carried out by Mr Jones, a consultant general 
surgeon in your department who has performed >500 laparoscopic cholecystectomies, 
and whose complication rates are average.” This was specified deliberately to control 
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for the effect of experience of the operating surgeon, which was not available in the 
outcomes model used as our gold standard. We considered this to be realistic because 
our participant cohort typically would be expected in their working roles to be 
obtaining consent from patients expected to undergo a laparoscopic cholecystectomy, 
even though the surgery itself often would be performed by their senior surgeon 
(consultant).  
 
6.3.4 Data management and analysis 
 
The percentage figures for each judgment were input into an SPSS database. 
In addition, each design case was scored and assigned a percentage risk of conversion 
using the predictive model from the literature. These risk estimates then were 
modelled using judgment analysis, and compared with estimates derived from the 
gold standard model.  
 
For each individual participant, test-retest reliability was computed by 
correlating risk estimates on the repeat cases with those on the equivalent design 
cases, using a nonparametric statistical test (Spearman rho). Next, for each 
participant, estimates of the risk of conversion for each case were correlated to those 
derived from the gold standard model, to give an objective measure of accuracy. 
Then, for each participant, use of the cues was modelled using a linear regression 
model to determine which cues significantly predicted the risk judgments, and to give 
cue weightings for each cue. This procedure also was applied to the scores derived 
from the outcomes-based predictive model, to provide gold standard cue weightings. 
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6.4 Results 
 
Results from this study are presented here in five sections. Firstly, the 
demographic data describing the participants and their experience is presented. Next, 
a selection of cases is summarised, with gold-standard–derived estimates of 
conversion for each case alongside the mean and range of participants’ estimates for 
those cases. Thirdly, the test-retest reliability of participants across the subset of 20 
cases with their 20 counterpart repeats is presented. Fourth, we describe how well 
trainees’ estimates correlated with estimates from the gold standard model. Finally, 
we provide an analysis of cue usage and their relative weightings across the full 
design set of 64 cases, based on the regression models (providing examples with 
comparisons with gold standard cue weightings). Analysis is presented first for 
individuals, then some comparisons of cue use are drawn across the group.  
 
6.4.1 Participants’ experience 
 
Participants had performed an average of 3.7 laparoscopic cholecystectomies 
as first operator (range, 0–20). They had assisted on average at 42 of the procedures 
(range, 1–200) and had seen on average 68 of the procedures (range, 1–500). They 
had seen a mean of 2.3 conversions (range, 0–5). Data were missing for 2 participants. 
 
6.4.2 Sample cases 
 
To provide an overview of the data collected, data from 4 sample cases are 
presented in Table 6.2 on the following page, along with corresponding risk estimates 
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derived from the gold standard model and the mean and range of participants’ 
estimates for each case.  
 
It may be seen that participants overestimate the risk in the most straightforward of 
cases, although not by much. However, their estimates become increasingly variable 
because risk factors occur in combination, with some participants underestimating 
their cumulative effect, and some overestimating their cumulative effect. 
 
Table 6.2 Sample cases with predicted risk from gold standard model and from 
study participants 
Sample 
case 
Risk factors/history 
Predicted risk 
of conversion 
from gold 
standard model 
Mean predicted 
risk of 
conversion from 
participants 
Range of 
predicted risk of 
conversion from 
participants 
1 
Previous mild biliary colic 
only, female, no previous 
surgery 
.2% 3.7% 1%–10% 
2 
Mild acute cholecystitis, 
female, no previous surgery 
(1-day history, white cell count 
<17, no pericholecystic 
fluid/gall bladder wall 
thickening) 
9% 11.7% 2.5%–40% 
3 
Mild acute cholecystitis as 
described for case 2, female, 
previous upper abdominal 
surgery (also obese–not a true 
predictor in the gold standard 
model) 
20% 21.9% 4%–70% 
4 
Severe acute cholecystitis, 
male, previous upper 
abdominal surgery (3-day 
history, WCC >20, 
pericholecystic fluid, GB wall 
>4 mm) 
75% 32% 10%–90% 
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6.4.3 Test retest reliability 
 
Test-retest reliability provides a measure of the junior surgeons’ internal 
consistency when unknowingly presented with the same basic case material twice. 
The mean correlation was .77, with a SD of .17. The range was from .47 to .98. 
Participants with lower correlations (between their risk judgments for cases and their 
respective repeats) gave different estimates when presented with the same case twice. 
The results for individual participants are summarised in Table 6.3 on the following 
page. Correlations are provided, as well as the mean signed difference and the mean 
absolute difference between individuals’ risk judgments for the cases and their 
counterpart repeats. 
 
Presentation effects might have affected these findings in terms of producing 
smaller absolute differences in the judged risk for an individual case and its repeat in 
which the distance between the first and second cases was closer (fewer other cases 
presented between them). This was tested using a nonparametric test of correlation 
(Spearman rho) between the distance apart of case-repeat pairs and the absolute 
difference in scores. Using a 1-tailed test of significance (given the predicted 
directionality of the effect) no significant correlations were found and it was 
concluded that this potential presentation effect had been ruled out. 
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Subject Correlation 
(Spearman’s 
Rho) 
Mean 
signed 
difference 
Standard 
Deviation 
t (19) Mean 
absolute 
difference 
Standard 
deviation 
t (19) 
1 0.893** -1.65 2.52 -2.93** 2.05 2.19 4.19*** 
2 0.972** -0.53 2.12 -1.11 0.98 1.95 2.24* 
3 0.846** -5.50 10.63 -2.32* 8.50 8.29 4.59*** 
4 0.798** 1.55 2.76 2.51* 2.05 2.39 3.83** 
5 0.827** 2.00 3.77 2.37* 3.00 3.00 4.49*** 
6 0.970** 0.25 6.38 0.18 2.25 5.95 1.69 
7 0.504* 1.45 5.07 1.28 3.45 3.93 3.93** 
8 0.817** -2.00 1.54 -0.58 8.00 1.32 2.71* 
9 0.843** 2.55 5.84 1.95 2.95 5.64 2.34* 
10 0.921** 0.05 2.61 0.09 1.55 2.06 3.36** 
11 0.538* -2.40 4.79 -2.34* 3.40 4.11 3.70** 
12 0.465* -0.15 9.24 -.073 6.15 6.75 4.07** 
13 0.804** 0.00 1.03 0.00 0.70 0.73 4.27*** 
14 0.966** -0.15 4.96 -0.14 1.95 4.54 1.92 
15 0.853** 0.25 1.29 0.87 1.05 0.76 6.19*** 
16 0.867** -1.35 5.33 -1.13 3.35 4.31 3.47** 
17 0.977** 0.05 0.22 1.00 0.05 0.22 1.00 
18 0.495* -3.25 7.30 -1.99 5.75 5.45 4.72*** 
19 0.662** -0.80 0.95 -3.76*** 0.80 0.95 3.76*** 
20 0.528* -0.18 0.96 -0.81 0.72 0.64 5.08*** 
21 0.483* -0.25 5.04 -.022 3.35 3.69 4.06*** 
22 0.789** 1.75 12.17 0.64 8.25 8.93 4.13*** 
23 0.848** -1.13 6.10 -0.83 4.38 4.28 4.57*** 
24 0.972** -0.10 0.48 -1.00 0.10 0.45 1.00 
25 0.827** 0.00 1.62 0.00 0.50 1.54 1.45 
26+ 0.871** 0.37 10.53 0.15 4.89 9.26 2.30* 
27 0.661** -0.02 1.05 -0.06 0.75 0.72 4.60*** 
28 0.882** 0.45 2.89 0.70 1.95 2.14 4.08*** 
29 0.592** 0.70 3.08 1.01 2.10 2.31 4.06*** 
30 0.583** 3.15 6.12 2.30 5.15 4.46 5.16*** 
Mean 0.768 -0.16 4.28  3.00 3.43  
 
Table 6.3 Test re-test reliability - correlations, signed mean differences and 
absolute mean differences between estimated risk of conversion to open (20 cases 
and 20 repeats) 
 
+ This participant had a data point missing; consequently only 19 pairs of cases were used in the 
analysis for this individual, and the one-sample t-tests were carried out using 18 df. 
* Indicates significance to the p=0.05 level 
** Indicates significance to the p=0.01 level 
*** Indicates significance to the p=0.001 level 
  
 
 169 
6.4.4 Achievement 
 
 The mean correlation between the judgments provided by the trainees and 
those derived from the gold standard model was .48, with a SD of .14. The range was 
from .08 to .72. Lower correlations between the trainees’ estimates and the gold 
standard predictions indicate that the trainees’ mental models diverged from the 
evidence based model, with inaccurate risk estimates provided.  
 
6.4.5 Use of cues 
 
6.4.5.1 Individual level  
 
The next step in the analysis was fitting regression models to identify which 
cues each individual was using to make the judgments and how they were weighting 
them relative to one another. Linear regression models were calculated for each 
individual participant, with the standardized weight of each cue that significantly 
predicted the risk judgments being noted. A summary table of individual participants’ 
models and cue weightings (as well as those derived from the gold standard model) is 
provided in Table 6.4. The first column gives the participant number.  The next three 
columns show the R, R2 and adjusted R2 of each participant’s model. The adjusted R2 
of the model (a measure of the goodness of fit, ie, what proportion of the variance in 
the judgments can be accounted for by the regression model) varied from .12 (a poor 
fit) to .76 (an extremely good fit). The mean was .53, an acceptable level of fit. The 
SD was .16. The final six columns show the beta weights of the cues for each 
participant. These are a measure of the extent to which each cue influenced each 
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individual’s judgments of the likelihood of conversion. For each participant, 2 to 3 
cues were significant predictors of the risk judgments, but which cues were used and 
the order of the weightings of the cues varied considerably between individuals. 
 
Table 6.4 Fit of regression models, beta weights and predictive cues 
 
 
Standardized beta weight of cues  
Subject 
 
R 
 
R2 
 
Adjusted 
R2 
Biliary 
History 
Previous 
surgery 
Age/ASA 
status 
Obesity Sex Race 
Gold 
standard .916 .839 .822 0.820*** 0.205*** 0.080 0.027 
0.315 
*** 
0.055 
1 0.874 0.764 0.739 0.232*** 0.830*** 0.152* 0.082 -0.007 -0.077 
2 0.884 0.782 0.759 0.824*** 0.302*** 0.109 0.140* -0.010 -0.085 
3 0.638 0.407 0.344 0.360*** 0.464*** 0.247* 0.015 -0.024 -0.008 
4 0.823 0.678 0.644 0.255** 0.743*** 0.053 0.194* 0.115 0.045 
5 0.752 0.566 0.520 0.412*** 0.599*** 0.054 0.140 0.149 -0.103 
6 0.766 0.586 0.543 0.704*** 0.115 0.168 0.113 0.046 0.076 
7 0.781 0.611 0.570 0.351*** 0.657*** 0.181* 0.115 0.084 0.010 
8 0.729 0.531 0.481 0.358*** 0.568*** 0.286** 0.034 -0.042 -0.026 
9 0.679 0.461 0.405 0.460*** 0.493*** 0.056 0.033 0.001 0.005 
10 0.847 0.717 0.687 0.561*** 0.630*** 0.048 0.044 0.121 -0.120 
11 0.628 0.395 0.331 0.090 0.424*** 0.369*** 0.285** 0.012 -0.100 
12 0.826 0.682 0.648 0.484*** 0.660*** 0.015 -0.063 0.098 -0.185* 
13 0.793 0.629 0.590 0.555*** 0.568*** 0.082 -0.033 -0.026 -0.051 
14 0.819 0.671 0.637 0.234** 0.754*** 0.230** 0.078 -0.029 -0.102 
15 0.809 0.655 0.619 0.698*** 0.375*** 0.020 0.145 0.056 0.007 
16 0.650 0.423 0.362 0.385*** 0.396*** 0.341*** 0.047 -0.037 -0.023 
17 0.452 0.204 0.120 -0.031 0.055 0.306* 0.328** 0.056 -0.024 
18 0.784 0.614 0.573 0.634*** 0.345*** -0.002 0.274** -0.006 0.056 
19 0.635 0.403 0.340 0.350*** 0.458*** 0.188 -0.191 0.076 -0.093 
20 0.858 0.736 0.708 0.378*** 0.753*** 0.061 0.151* -0.054 -0.017 
21 0.809 0.654 0.618 -0.053 0.803*** -0.013 -0.056 -0.060 -0.012 
22 0.839 0.703 0.672 0.465*** 0.668*** 0.216** 0.111 -0.007 -0.137 
23 0.718 0.516 0.465 0.455*** 0.502*** 0.208* 0.007 -0.035 0.031 
24 0.862 0.743 0.716 0.222** 0.828*** -0.008 0.061 -0.006 -0.157 
25 0.756 0.572 0.572 0.420*** 0.615*** 0.020 0.062 0.133 -0.129 
26 0.799 0.638 0.600 0.486*** 0.608*** 0.170* 0.076 0.028 -0.184 
27 0.807 0.651 0.614 0.665*** 0.290*** 0.325*** 0.038 0.098 -0.004 
28 0.782 0.611 0.570 0.617*** 0.310*** 0.335*** 0.044 0.068 0.022 
29 0.501 0.251 0.172 0.185 0.431*** 0.161 -0.027 0.014 0.024 
30 0.657 0.432 0.372 0.171 0.541*** 0.208* 0.094 0.207* 0.088 
 
The top line of the table presents these parameters for the gold standard model. 
As may be seen, the linear model was imperfect, as the adjusted R2 for the gold 
standard model was <1, indicating that not all of the variance in the gold standard 
estimates was accounted for by the linearly modelled cues. However, it was 
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acceptably high (adjusted R2 = 0.822). The cues that significantly influenced the gold 
standard model according to their beta weights were biliary history, sex, and previous 
surgery.  
 
Almost all of the subjects’ judgments were (appropriately) influenced by 
biliary history and previous surgery, but to differing extents. Only one participant was 
influenced by the patient’s sex, a predictor of conversion in the gold standard model. 
The other, non-predictive cues provided (age/ASA, obesity, and race) influenced a 
few participants 
 
 The significantly used cues can be plotted together with their standardized 
weight to give a visual representation of how each individual is making their 
judgments. In Figure 6.5 on the following page, examples of cue weightings from 2 
individual trainee surgeons are shown as an example. For each individual, the gold 
standard cue weightings are plotted alongside their own. Both of these individuals 
showed high test-retest reliability, and excellent model fit (i.e. they were consistent in 
their cue use). However, surgeon A’s judgments correlated less well with the gold 
standard estimates than those of surgeon B.  
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Figure 6.5 Examples of cue weightings from 2 individual trainee surgeons, 
plotted against gold standard cue weightings.  
 
From Figure 6.5 it is possible to offer an explanation why surgeon A’s 
judgments correlated less well to the gold standard: although surgeons A and B are 
both appropriately using the biliary history and the previous surgery cues to make 
their judgments, surgeon A is overweighting the previous surgery cue and 
underweighting the biliary history cue, whereas surgeon B is calibrated more correctly 
with respect to these two cues. Interestingly, neither surgeon’s judgments are 
predicted by the sex of the patient, which (according to the gold standard model 
selected) is a predictor of conversion. In addition, each surgeon is using a third 
different, non-predictive cue (age/co-morbidity for surgeon A and obesity for surgeon 
B) to make their judgments. 
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6.4.5.2 Cue usage across the group 
 
The range of cue weightings for each cue for each of the 30 participants in the 
study is summarized in Figure 6.6. On the right side of the graph in Figure 6.6, it may 
be seen that cues such as patient sex and race are not used to a great extent by any 
participants, with a cluster of data points around a weight of zero. 
 
Figure 6.6 Summary of the range of cue weightings by the 30 participants  
On the left side of the graph in Figure 6.3, the 2 most predictive cues are 
evidently subject to wide variation in the weight ascribed to them, with a large spread 
of weights ascribed to them by different surgeons. This indicates individual variability 
between different trainees’ mental models of which preoperative factors determine the 
conversion risk. For example, some trainees (erroneously) weighted previous surgery 
more heavily than biliary history. Interestingly, sex, although an actual predictor of 
conversion based on the gold standard used, featured infrequently in the trainees’ 
mental models. 
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6.5 Discussion 
 
The data reported in this chapter shows that judgment analysis methodology 
can be applied usefully to derive quantitative objective models of surgeons’ 
judgments of risk. In the present study, the risk judgment chosen for modelling was 
the likelihood of a laparoscopic cholecystectomy being converted to open (based on 
preoperative factors), but similar analysis could be performed for many surgical 
judgments. 
 
In addition, the present study also shows how surgeons’ judgments can be 
compared with a gold standard model based on epidemiological data. Overall task 
performance showed large variation across individual surgeons in terms of all 3 
parameters described: test-retest reliability, correlation of estimates to the gold 
standard predictions, and cue use. Almost all of the subjects’ judgments were 
(appropriately) influenced by biliary history and previous surgery, but to differing 
extents. Fewer surgeons were using the other cues provided: age/ASA, obesity, sex, 
and race. Moreover, some surgeons were using cues more consistently than others. In 
what follows, the technical issues arising from the methodology are discussed. The 
clinical implications of the study are then described.  
 
One technical aspect of the judgment analysis methodology relates to the 
variable consistency of cue use. More consistent responses are more amenable to 
regression-type modelling. Models that show better fit in judgment analysis suggest 
that the individual being modelled is using the cues in a less noisy manner, in other 
words, the subjects appear to know what they are doing and do it consistently. In 
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contrast, models with poor fit suggest that cues have been used in random or highly 
inconsistent fashion. Such models contain a considerable random element.  
 
Why did some of the surgeons’ judgments in the study show poor fit? One 
explanation is that surgeons with less experience in cholecystectomy used the 
available cues inconsistently. However, the participant group was intended to be 
relatively homogeneous for experience; the impact of experience is investigated in 
more depth in the following chapters (7 and 8). If they had not already formulated an 
“internal rule” about how the risk factors combine, they may have generated one as 
they proceeded, but this may have introduced additional “noise” into their judgments. 
Thus, the explanation may be the surgeon’s lack of expertise. Another may be non-
linear use of cues by the surgeons in the study (for example considering age to be 
irrelevant until over aged 70, then assuming it steeply affected risk as it rose after that 
age). It is also possible that surgeons’ models incorporated cue interactions: for 
example rather than simply being additive, the presence of two risk factors in 
combination might dramatically increase the perceived risk. Such effects would 
require more complex modelling to identify. 
 
In terms of the clinical implications of this study, correlations between some 
trainee surgeons’ judgments and the risk estimates derived from the gold standard 
model were very poor. Taken together with the large individual variation that we 
discussed earlier, it appears that there is a pressing need for junior surgeons to get 
better at understanding and estimating surgical risks. The trainee surgeons that were 
included in the present study have reached a point in their careers at which they have 
responsibility for obtaining consent from patients for procedures such as laparoscopic 
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cholecystectomy. The use of inappropriate cues, or using appropriate cues 
inconsistently, suggests a problem with deriving individualized risk estimates for 
prospective surgical patients. This problem impacts on obtaining truly informed 
consent and helping patients plan their hospital stay. More importantly, technical 
difficulty (ie, the possibility of conversion) should be anticipated where possible, to 
ensure that a more senior surgeon performs or supervises the more difficult cases. 
 
Taking a wider perspective, if trainee surgeons experience difficulty with 
estimating individualized risks associated with this common procedure, they may 
experience similar difficulties with estimating other surgical risks such as surgical 
complications and mortality. Seen from this perspective, judgment analysis may be a 
useful tool for training because it identifies where the problems lie for trainees in 
synthesizing the relevant information to produce accurate estimates of surgical risks.  
 
In the following chapter in this thesis, a comparison between groups of 
surgeons is reported, examining whether this task and method show acceptable levels 
of construct validity (in other words, whether it can capture differences between more 
and less expert clinicians). In addition, a summary of feedback on the task by 
participating surgeons is provided. 
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Chapter 7: Investigating experience-based differences in predictions of the 
likelihood of conversion from laparoscopic to open cholecystectomy using 
judgment analysis 
 
7.1 Introduction 
 
The data reported in the previous chapter showed that judgment analysis 
methodology can be applied to derive quantitative objective models of surgeons’ 
judgments of risk. Details of these models were presented at the individual level 
(idiographic analysis). In addition, it was shown how surgeons’ judgments can be 
compared with a gold standard model based on epidemiological data, again with 
analysis at the level of the individual.  
 
The group of surgeons who participated in the previous study were intended to 
be homogeneous with respect to their general surgical experience at an intermediate 
level. Notwithstanding, considerable variation was seen across individual surgeons in 
terms of all 3 parameters described: test-retest reliability, correlation of estimates to 
the gold standard predictions, and cue use. The experiment reported in this chapter 
uses the same judgment analysis task (based around conversion of laparoscopic 
cholecystectomy to the open procedure), but extends the scope to investigate the 
effects of increasing experience. Analysis is focussed at the group level (nomothetic 
analysis), with data from a novice group (newly qualified doctors) and from a 
reference group of experienced (consultant) surgeons being compared with the 
intermediate group data reported in the previous chapter. Feedback on the judgment 
analysis task itself is also presented here, again analysed at the group level. 
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Why investigate expert-novice differences? As well as being of interest 
themselves, such differences allow comment on the “validity” of the judgment 
analysis task in question as a means of measuring ability at judging surgical risks. A 
valid test has been described as one that “can convey the effect of variation in the 
attribute one intends to measure”, with “validation” referring to the scientific process 
by which it is established. “Face validation” refers to asking people for their 
subjective opinion, whereas the investigation of whether data fits with a theory about 
an attribute provides “construct validation” (Borsboom et al, 2004). In this case, the 
theory being tested is that the ability to make reliable, accurate judgments of surgical 
risk increases with increasing experience. The demonstration by objective criteria that 
performance at this task improves with increasing experience would provide construct 
validity – ie demonstrate that the ability to judge surgical risk may be assessed on this 
judgment analysis task. The subjective feedback provided by participants provides a 
measure of face validation of the task. 
 
7.1.1 Study design considerations 
 
Much of the published body of judgment analysis research concludes with the 
idiographic capturing and reporting of judgment policies (cue use) (Cooksey, 1996). 
However, several different approaches to nomothetic (group level) analysis have been 
used in judgment analysis research, and this level of analysis (between groups of 
differing expertise) is used in the experiment reported in this chapter. 
 
 Most commonly, researchers conducting judgment analysis research with an 
interest in group-level effects have attempted to define typologies or groups of judges 
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based upon their judgment policies, and have used a statistical technique known as 
“cluster analysis”. This uses measures of cue weight profile similarity/dissimilarity 
for each pair of judges, and uses them to determine whether there are statistically 
defensible groupings of judges. For example Harries and Gilhooly used this type of 
study design to investigate referral prioritisation by Occupation Therapists (Harries & 
Gilhooly, 2003). 
 
Such analyses are appropriate when the research question includes 
determining any potential groupings of judges based on their judgments, and when 
there is no “objective” criterion standard available for comparison. However, the 
nature of the analysis is different when, as in this case, not only is there a criterion 
standard, but also the researcher has a priori knowledge of the existence of groups of 
judges. In this study, the level of experience of the judge is the pre-existing grouping 
variable. As before, the first steps in the data analysis involve capturing the 
idiographic policy and level of accuracy (“achievement” in judgment analysis 
terminology) with respect to the criterion standard for each individual surgeon, 
followed by analysis of variance (ANOVA) to accomplish the group level 
comparisons. 
 
Several types of ANOVA comparison designs have been used, depending on 
the focus of the comparison. For example, groups of judges may be asked to judge 
several blocks of cue profiles (cases) manipulated in terms of ecological validity, 
predictablility, and/or cue intercorrelation. Alternatively, comparison may relate to 
blocks of trials traced as a function of a “cognitive feedback” intervention. Finally, 
comparisons may be based on demographic categories such as the age or experience 
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level of the judge. This third type is the case in this experiment, in which the 
surgeons’ experience is the variable of interest. However, only one block of cases is 
used, rather than repeated measures (multiple blocks). The case set was not 
manipulated in any way, nor was any feedback/task information provided.  
 
Such designs (where repeated measures are included) typically involve the use 
of correlations as measures of achievement dependent variables. Mean square error 
has been proposed as an alternative decomposition of the achievement measures in 
judgment analysis (Stewart, 1990). This measure incorporates information about the 
distribution of that error. Squaring abolishes the directionality of the error (over- or 
under-estimating) so avoiding errors in opposite directions from cancelling each other 
out. However, when assessing the accuracy with which surgeons estimate risk, the 
most intuitive measure is the mean absolute error – i.e. asking on average, how many 
percentage points “out” was the surgeon from the “true” likelihood (as determined by 
the criterion standard). Use of absolute rather than signed numbers carries the same 
benefit as squaring the error in terms of avoiding directionality from influencing the 
result, but compared to mean squared error, mean absolute error makes the most sense 
in context and is the easiest to interpret.  
 
7.2 Aims 
 
The primary aims of the study reported in this chapter were firstly to 
investigate expert-novice differences in performance at a surgical judgment task, and 
secondly to establish whether the judgment analysis task in question demonstrates 
construct and face validation. 
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7.3 Methods 
 
7.3.1 Participants 
 
The participants in this study were divided into three groups. The most novice group 
(n=30) were newly qualified doctors, in their first year of work. The intermediate 
group (n=30) provided the data reported in detail in the previous chapter, consisting 
of junior surgical trainees. Eligibility for inclusion in this group depended on a 
minimum of 6 months’ experience as a general surgical trainee and/or completion of 
the Membership of the Royal College of Surgeons examination, but not having held a 
substantive specialist registrar post. Finally, a reference group of general surgical 
consultants (n=6) was included to provide an “expert” standard. Informed consent to 
participate in the study also was obtained from each surgical trainee participant. 
Because the study used human subjects, ethical approval was required. This was 
obtained from the local ethics committee. 
 
7.3.2 Materials 
 
This study used same surgical risk judgment task as the previous experiment, 
in which surgeons estimated the likelihood of conversion of a laparoscopic 
cholecystectomy to the open procedure, based upon preoperative factors. The same 
criterion standard based on outcomes was also used in order to determine participants’ 
accuracy (“achievement” in judgment analysis terminology) at the task. Details of 
task design may be found in Appendix D. 
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Cue selection 
 As in the previous study, the variables in the study were the biliary history of 
the patient, whether the patient had previous abdominal surgery, patient age/co-
morbidity, sex, race and body habitus. 
 
Case presentation 
 As before, cases were presented in the format of clinic letters/clinical 
admission notes to maximise ecological validity. 
 
Number of cases 
 As before, the same fractional factorial design generated from SPSS was used, 
with 64 design cases for modelling cue use and measuring achievement against the 
criterion standard, and the same 20 randomly selected cases were repeated within the 
case set to assess test-retest reliability. 
 
Additional data collected 
 In addition to judging the risk of conversion as a percentage chance in each of 
the clinical cases, participants also completed a brief demographic questionnaire 
(Appendix F) and a feedback form about the task using a six-point anchored Likert 
scale (Appendix G). 
 
7.3.3 Procedure 
 
 Participants were recruited from St Mary’s Hospital, London, and other 
teaching and district general hospitals in the local area. Each participant completed 
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the demographic questionnaire, and was then provided with task instructions. They 
then judged each of the clinical cases in turn based on the materials provided (clinic 
letters/inpatient admission notes), providing a percentage likelihood of conversion to 
the open procedure for each one. This was provided either verbally to the 
experimenter (RJ) and input directly onto a computer spreadsheet, or onto an answer 
sheet provided. Finally, the feedback form was completed. 
 
7.3.4 Data management and analysis 
 
All data were input into SPSS software, which was used for all the analyses as 
described below.  
 
Demographic data 
Descriptive statistics were reported. 
 
Idiographic analysis 
An idiographic approach – ie detailed, by-subject – was the first step in the 
analysis. Test-retest reliability (comparison of participants’ estimates of the risk of 
conversion for a subset of cases with their estimates for counterpart repeats) was 
determined using direct correlation (Pearson’s R).  
 
 Next, the performance of each individual participant was compared to the 
criterion standard, which provided an evidence-based estimate of the likelihood of 
conversion for each clinical case. Again, several parameters were calculated: 
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correlation between each individual surgeon’s judgments and the criterion standard 
prediction for each case, mean square error, and mean absolute error. 
 
Finally, linear regression models were calculated for each participant, using the 
percentage judgments on the 64 design cases as the dependent measure, and the six 
cues varied in the study design as the independent variables. As in the preceding 
experiment, analysis was conducted using four levels of the “biliary history” cue, 
seven levels of the combined “age/ASA” cue, with all of the other cues rendered 
binary (presence or absence of previous upper abdominal surgery, presence or 
absence of obesity, male or female, and Caucasian race or other race).  For each 
participant this yielded a measure of model fit (adjusted R2) and a set of cue 
weightings (Beta weights).  
 
Nomothetic analysis 
The statistical procedures involved in the nomothetic (group level) analysis 
required careful consideration. Mean absolute error and mean square error may be 
compared across groups using ANOVA provided they appear to be normally 
distributed. However, sample-based correlations are not normally distributed and 
before they may be compared using a parametric ANOVA, a correction must be 
performed – the Fisher r to z transformation. Cooksey (1996) advises that “the 
appropriate procedure, then, for comparing Lens Model correlations across various 
groups . . . is first to transform all the relevant correlations to z values then conduct 
the appropriate ANOVA.”  This advice was followed in the group level analysis for 
test-retest reliability for this study.  
 
 185 
For the measures of achievement reported in section 7.4.3, inspection of all 
three measures (transformed correlation, mean square error and mean absolute error) 
revealed a floor effect, so non-parametric tests were used for group level comparisons 
of achievement according to the surgeons’ experience - Kruskal Wallis across the 
three groups (newly qualified, SHO and consultant). 
 
There is no appropriate transformation for R2 values, which are negatively 
skewed, or for Beta weights, whose distribution is not well understood. For these 
variables, the distributions may be inspected, and if similar across groups, it is 
unlikely that an ANOVA would be significantly distorted, but the most conservative 
strategy is a simple descriptive summary of group differences, avoiding inferential 
statistics (Cooksey, 1996). Where formal inferential statistical comparison across 
groups of model fit (adjusted R2) and cue weightings (beta weights) was required, 
non-parametric tests were used as the distributions were unclear – as before, using 
Kruskal Wallis across the three groups (newly qualified, SHO and consultant). 
 
Finally, feedback data was input into SPSS and reported using descriptive 
statistics. 
 
7.4 Results 
 
 The results are presented in five sections. Firstly, data relating to participant 
demographics and experience is presented. Next, test-retest reliability is compared 
across the groups of different surgical experience. Thirdly, the measures of 
achievement (degree of accuracy of predictions compared the criterion standard) are 
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compared across groups. Next, differences in the regression models across groups are 
described, with comment on the goodness of model fit and differences in the use of 
cues presented. Finally feedback from all three groups on the task itself and 
participants’ attitudes to it are described. 
 
7.4.1 Participant demographics and experience 
 
 The newly qualified doctors who participated had a mean age of 25.3 years, 
compared to 29.2 for the senior house officer group, and 43.4 for the consultant 
group. The newly qualified group had seen on average 5 laparoscopic 
cholecystectomies, assisted at 1, and had not performed any themselves or seen any 
conversions. In contrast, the SHO group had seen a mean of 68 laparoscopic 
cholecystectomies, had assisted at 42 and had performed an average of 4, having seen 
2 conversions on average, and the consultants had seen a mean of 500 cases, assisted 
at 116 and carried out 300 themselves, with an average of 18 conversions. 
 
7.4.2 Test-retest reliability 
 
 Test-retest reliability was derived for each surgeon, by comparing their 
judgments of the likelihood of conversion to open on twenty cases and their 
counterpart twenty repeat cases within the case set using correlation of the two sets of 
estimates. These raw correlations were then transformed as described and compared 
across the three groups. Findings are represented graphically in figure 7.1 overleaf. 
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Figure 7.1 Test-retest reliability across groups (mean transformed correlation 
between cases and repeats) 
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The graphs show increasing (transformed) correlation to the gold standard with 
increasing seniority of the participant. Using ANOVA, the increase in z across groups 
was significant -F(2, 63) = 19.28, p<0.001, suggesting the judgment analysis method 
and task have construct validity in terms of assessing participants’ reliability in terms 
of their risk judgments. Testing between the individual groups with t-tests, the 
difference was significant between the newly qualified and SHO groups t (58) = -
5.87, p<0.001 but not between SHO and consultant groups t (34) = -1.29, p = .207.  
 
7.4.3 Achievement 
 
 Three measures of achievement were analysed: correlation between each 
individual’s judgements and the estimates derived from the gold standard 
(transformed to z scores), the mean square error (MSE) and mean absolute error 
(MAE). Non-parametric tests were used for statistical analysis (Kruskal Wallis). With 
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respect to correlation to the gold standard estimates, there was an overall significant 
increase in correlation as seniority increased (p < 0.001). For Mean Square Error 
(MSE) there was a trend towards significant decrease in MSE across the three groups 
(p = 0.64). For Mean Absolute Error (MAE) the findings were similar, with a 
significant decrease in error with increasing seniority across the three groups (p = 
0.024). For clarity, only the MAE results are presented graphically below, though 
more complete results for achievement are presented in Appendix H. 
 
Figure 7.2 Mean Absolute Error across groups 
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7.4.4 Regression models and use of cues 
 
 The goodness of fit of the regression models (adjusted R2) gives a further 
measure of the internal consistency of the participants across the set of judgments of 
risk, being higher if the use of cues is more consistent and less “noisy”. The median 
adjusted R2 for the novice group was 0.320, compared to 0.573 for the SHO group 
 189 
and 0.615 for the consultants. The adjusted R2 increased as the level of seniority of the 
participants increased (p < 0.001), and is shown in figure 7.3 below.  
Figure 7.3 Adjusted R2 across groups 
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 The significant difference lay between the newly qualified and SHO groups (p 
< 0.001) rather than between the SHO and consultant groups (p = 0.605), echoing the 
results of the test-retest reliability findings. 
 
 How was this increasing internal consistency across groups reflected in the 
beta weights of the cues across groups? The median beta weights for the three cues 
that actually predict conversion to open in the gold standard model are shown in 
Figure 7.4 below.  
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 The first thing of note is that as the seniority increases, the total height of the 
peaks increases, in keeping with an increased overall model fit. The dotted lines 
across the graph represent the Beta weights of the three relevant cues that predict the 
gold standard risk estimates. It may be seen that overall, all three groups are placing 
too much weight on whether the patient has had previous surgery, and not enough on 
the biliary history or the patients’ sex. 
 
 Interestingly, there was also a pattern in the use of non-predictive cues, most 
notably with Age/ASA being the most heavily weighted by participants of all levels  
 
Figure 7.4 Median beta weights across groups – predictive c es 
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Figure 7.5 Median beta weights across groups – non-predictive cues 
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of expertise. This is illustrated in figure 7.5 overleaf. It may be seen that the extent to 
which Age/ASA were influencing the participants (inappropriately) decreased with 
increasing expertise/experience, with a similar appearance for the effect of obesity. 
Cues with a beta weight of less than approximately 0.140 did not exert a significant 
influence on the judgment of individual participants. 
 
7.4.5 Feedback on the task 
 
 Responses to items on the feedback questionnaire were indicated on a six 
point anchored Likert scale ranging from 1 (strongly agree) to 6 (strongly disagree), 
and tested where appropriate against a “neutral” test value of 3.5, and/or compared 
across groups using a one-way ANOVA.  
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 The first few questions on the feedback questionnaire were intended to assess 
the realism of the task and the documentation. The first two questions were largely 
only answered by the SHOs and consultants, as they related to the participants’ own 
processes for obtaining informed consent, a task that newly qualified doctors are not 
permitted to carry out. SHOs and consultants agreed that they “make similar 
judgments to this when consenting patients for laparoscopic cholecystectomy” (mean 
response 2.14, t (36) = -7.17, p < 0.001) and “quote a percentage chance of open to 
the patient” (mean response 2.18, t (33) = -5.88, p < 0.001). 
 
Participants felt that the documentation was realistic (mean response 1.90, t (61) = -
14.26, p < 0.001), and contained sufficient information (mean response 2.63, t(58) = -
5.65, p < 0.001). They neither agreed nor disagreed that they would normally consider 
additional information (mean response 3.32, t (51) = - 0.79, p = 0.433) but felt the 
case mix was representative of patients undergoing laparoscopic cholecystectomy 
(mean response 2.14, t = -9.08, p < 0.001). In addition, there was a strong feeling 
amongst participants that cases that are more likely to result in conversion should be 
performed by more senior clinicians (mean response 1.94, t (61) = -10.78, p < 0.001). 
 
  Despite the large number of cases to judge (84 in total, including the repeat 
cases) participants enjoyed the task (mean response 2.70, t (62) = -5.24, p < 0.001), 
and disagreed that it was boring (mean response 4.11, t (62) = 3.67, p = 0.001). They 
were interested both in individual feedback (mean response 1.84, t (61) = -10.87, p < 
0.001, as well as how their results compared to groups of differing expertise (mean 
response 1.79, t (61) = -11.88, p < 0.001). Confidence that their estimates were 
accurate increased with increasing experience (F (2, 60) = 9.33, p < 0.001), as shown 
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in Figure 7.6 below. This seemed appropriate, given the objective increase in 
accuracy with increasing experience. 
 
Figure 7.6 Confidence in predictions according to group 
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  Overall, participants disagreed that they were anxious that if their personal 
results were made public it could adversely affect their career (mean response 4.16, t 
(60) = 3.10, p = 0.003) and said they would be willing to participate in similar studies 
(mean response 1.84, t (62) = -12.92, p < 0.001). 
 
7.5 Discussion 
 
 In this chapter, the performance of three groups of surgeons of differing 
expertise was compared with respect to estimating a specific surgical risk (likelihood 
of conversion to open during laparoscopic cholecystectomy) using a judgment 
analysis task. 30 newly qualified doctors, 30 trainee surgeons at SHO level, and a 
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reference group of six consultant surgeons, estimated the likelihood of conversion to 
the open procedure for patients undergoing laparoscopic cholecystectomy, based on 
preoperative factors. Initial analysis proceeded at the idiographic (individual) level. In 
this chapter, further analysis at the nomothetic (group) level showed differences in 
performance between groups, assessing whether the task/methodology demonstrated 
“construct validity”. In addition, analysis of participants’ feedback on the task 
provided “face validation”. 
 
 Three measures of test-retest reliability were derived for each surgeon based 
on twenty cases that were repeated within the case set.  Test-retest reliability 
increased significantly with increasing expertise. This finding reached statistical 
significance for two out of the three measures, indicating construct validation for this 
aspect of performance. Interestingly, the significant improvement occurred between 
newly qualified and SHO level groups.  
 
 To measure overall accuracy relative to gold standard predictions, three 
measures of achievement were analysed: correlation between each individual’s 
judgments and the estimates derived from the gold standard, the mean square error 
and mean absolute error. For each of the three measures (correlation, mean square 
error and mean absolute error), there was an overall increase in accuracy as seniority 
increased. This finding reached statistical significance for two out of the three 
measures, indicating construct validation for achievement (accuracy of judgments). 
Interestingly, for the most direct measure of accuracy (MAE) the significant 
difference lay between the SHO and consultant group, notwithstanding the small 
numbers in the most senior group.  
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 This is in contrast to the test-retest reliability findings, in which the 
improvement occurred between the two junior groups, a finding which was also 
reflected in the changes in adjusted R2, a regression model parameter that gives a 
further measure of the internal consistency of the participants across the set of 
judgments. This again showed an increase with increasing experience, but with the 
significant improvement occurring between the two more junior groups. 
 
 How was this increasing internal consistency across groups reflected in the 
beta weights of the cues across groups? As the seniority increases, the total value of 
the beta weights increases, in keeping with an increased overall model fit, but the 
pattern of cue use remained relatively consistent between SHO and consultant level 
for the three cues that were actually predictive according to the gold standard model. 
Similarly, the pattern of erroneous influence of the non-predictive cues was similar 
across the groups, but the extent of their influence decreased with experience. 
 
  Responses from the feedback questionnaire confirmed that the task had “face 
validity” in addition to “construct validity” in terms of judging the risk of conversion 
and quoting it as a percentage being a familiar task, presented via realistic 
documentation and delivered in a plausible case mix.   
 
One aim of the study was to establish whether the judgment analysis task in 
question demonstrates construct and face validation. The demonstration by objective 
criteria that performance at this surgical risk estimation task improves with increasing 
surgical experience provided construct validity – i.e. demonstrated that the ability to 
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judge surgical risk may be assessed on this judgment analysis task. The subjective 
feedback provided by participants provided face validation of the task. 
 
 The other aim of the study was to investigate expert-novice differences in 
performance. Although the study was limited by the small number of participants at 
consultant level, it was interesting to note that reliability of risk estimates seemed to 
increase at a more junior level of expertise, and absolute accuracy of judgments 
seemed to increase at a more senior level of expertise. One explanation is that the 
learning curve for estimating surgical risks consisted of two components: first 
formulating an implicit cognitive rule as to which risk factors are relevant and how to 
combine them, with that rule being refined and made more accurate at a later stage in 
the “cognitive development” of a surgeon. These ideas are explored further in the 
final discussion chapter of the thesis. 
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Chapter 8: Using judgment analysis  and task feedback as a method for 
training surgeons to improve their operative risk estimation 
  
8.1 Introduction 
 
 Learning to improve the accuracy of judgments or the quality of decisions 
requires feedback. As previously discussed, in the clinical working environment, a 
trainee surgeon will acquire feedback on their decisions in one of two main ways: 
either by finding out the outcome for the patient (which will be related 
probabilistically to their decision), or by receiving comments on their decisions from 
peers and senior colleagues. Such comments may include explanations that not only 
offer an alternative subjective “optimal” decision if considered appropriate, but may 
also include an explanation of why. To illustrate this, it is useful to consider a 
hypothetical example, presented in box 8.1 below. 
 
Box 8.1 Feedback on surgical decisions: an example 
A trainee surgeon admits a septic elderly demented patient with abdominal pain associated 
with peritonitis, and multiple other comorbidities. A CT scan confirms a diagnosis of perforated 
diverticular disease. Left unoperated, the patient is certain to die. The trainee surgeon may book 
the patient for theatre for resection of the sigmoid colon. A more senior surgeon reviews the patient 
prior to operating, and decides that it is more appropriate to palliate the patient in view of the poor 
likely outcome. In discussion with the more junior member of the team about their decision, the 
senior surgeon may explain that the patient was likely to die in either case. They may suggest that it 
would be both kinder and a more effective use of resources if that patient received appropriate 
symptom control rather than a large painful laparotomy wound and multiple lines and interventions 
in the intensive care unit during their last hours and days.  
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 Such discussions between team members do occur, but rarely are the issues 
explored in depth. For example, although qualitative or quantitative estimates of the 
likelihoods of outcomes are stated to patients during the process of taking consent, 
they are rarely discussed explicitly between clinicians. Taking the example given, the 
explanation was providing that it would be kinder to provide symptom control given 
that the patient was likely to die in either case. Yet how likely did the senior surgeon 
consider the patient’s death to be if the operation took place? And how far away from 
the certainty did the likelihood of death entailed in not operating need to be, in order 
to make the trade-off that it was worthwhile for the patient to endure additional 
suffering for a chance of survival? In attempting to understand why the decision of the 
more senior surgeon differed from his or her own prior decision, it would be helpful 
for the more junior trainee surgeon to know explicitly how likely the senior surgeon 
considered the demise of the patient to be, despite maximum intervention. 
 
 In the example given, the patient was suffering dementia and did not 
participate in the decision, though clearly the views of the patient and their relatives 
are important factors in such decisions where possible. When discussing operative 
risks with patients, again without explicit probabilities of potential outcomes it 
becomes impossible for them to participate in informed decisions (though how well 
they are able to utilise such probability information, and how it should best be 
presented to the patient to maximise its usefulness to them, are separate issues). 
Therefore for the patient and their family, an ability on the part of the clinician as 
“expert” to discuss outcome likelihood is essential to their ability to share in decision 
making about their own healthcare. 
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For the trainee surgeon, however, knowing the likelihood of mortality for this 
particular patient is insufficient, as most of the patients they encounter in future will 
not identically resemble the patient at hand. In order to be able to generalise from 
their learning, the trainee also needs to know how the risk of mortality varies with the 
co-morbidity of the patient, their age, whether the surgery is being carried out as an 
emergency, as in this case, and the “invasiveness” of the proposed operative 
intervention. Yet they are extremely unlikely to gain this type of information from 
comments provided from the brief explanation their senior surgeon provided when 
they discussed the case. Instead, they must see a great variety of cases, be corrected 
(or not) many times over, and synthesise a rule on an implicit, intuitive level about 
how these factors interact. At the end of their training, there is no current means of 
testing whether they have acquired and are able to utilise such an implicit rule, so they 
may or may not be accurate at estimating risks when they become the lead clinician in 
a clinical team of their own. This potentially affects not only the outcomes of their 
own patients, but also the quality of the feedback they provide to their own junior 
staff and their future patients. 
 
 Outcome feedback, such as that described above, provides immediate 
information as to the correctness or incorrectness of a judgment after it has been 
made.  In contrast, it is possible to provide individuals with more extensive 
information about the key relationships and statistics that relate their judgments to the 
real world environment based on their performance at judging an initial series of 
cases. This information has been termed “cognitive feedback”. A review of literature 
on cognitive feedback (Doherty & Balzer, 1988) suggested that outcome feedback 
does not actually constitute feedback at all because it “never returns to the behaving 
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system some measure of its output which it can then compare to an ideal state” – i.e. it 
does not communicate the information necessary to improve performance. They 
identified three subtypes of feedback which are illustrated according to the above 
example:  
1. Task information - information about how the cues relate to the real-world (i.e. 
how the actual mortality associated with operating varies in relation to age, co-
morbidity, whether the operation is an emergency etc). 
2. Cognitive information – information about how the cues relate to the 
individual’s judgments (i.e. how the trainee’s estimates of mortality associated 
with operating varies in relation to age, co-morbidity, whether the operation is 
an emergency etc). 
3. Functional validity information – information about how the cognitive system 
(based on trainees’ estimates of mortality) relates to the task system (based on 
evidence about how actual mortality varies). 
 
It may be argued that the first part of such “feedback” is not feedback at all – 
rather it is simply information about how the real world works. Yet regardless of how 
it is termed, can the information comprised in cognitive feedback help surgeons to 
improve their estimations of the likelihoods of operative outcomes? Their ability to do 
so is a key component of their developing expertise. Explicit explanation to surgeons 
as to how the variables they encounter in their clinical practice affect real risks, and 
provision of insight into their own current interpretation of them, offers a potential 
way to augment or accelerate the process of acquiring an ability to estimate outcomes 
through clinical experience. This is analogous to the way in which technical skills 
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training in the laboratory may accelerate progress along the early part of the learning 
curve – a complement to real operative experience, rather than a replacement for it. 
 
8.2 Aims 
 
The aim of this study was to evaluate the use of cognitive feedback to improve 
trainee surgeons’ ability to estimate operative risk, comparing two groups of 
participants of differing expertise. The feedback given was to contain task 
information, cognitive information and functional validity information. The clinical 
example chosen was that described in the example given in the introduction – the 
likelihood of operative mortality, depending on the patients’ co-morbidity and age, 
whether the operation is emergency or elective, and its “invasiveness”. 
 
8.3 Methods  
 
8.3.1 Participants 
 
Two groups of participants took part in this study. An amendment to the existing 
ethical approval was sought and obtained for the study. 69 surgical trainees were 
recruited from courses run under the auspices of the Royal Colleges of Surgeons. 
Course convenors were targeted to ask permission to approach their participants. 
Convenors for courses held at the Royal College of Surgeons, Kingston Hospital, 
Guildford Hospital, and St Marys Hospital all gave permission for their course 
participants to be approached to take part. In addition to the surgical trainees, 36 5th 
year undergraduate medical students were recruited for comparison. Informed consent 
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to participate in the study was obtained from each trainee or student that participated. 
A brief summary of participant characteristics is presented in the results section. 
 
8.3.2 Design and materials 
 
Overall design 
The overall design of this study was to present trainee surgeons with a series 
of hypothetical cases of patients due to undergo an operation, represented as very 
brief case vignettes. In each case, the surgeons estimated the likelihood of mortality. 
They were then presented with cognitive feedback based on real-world information 
about mortality (derived from outcomes) as well as their own performance on the 
judgment task. Finally the participants received a second series of cases to determine 
whether their ability to estimate the likelihood of mortality had improved as a result of 
the feedback. 
 
Methodological considerations 
Given the study design in mind, there were several important considerations.  
Firstly, an appropriate criterion standard needed to be identified, which is discussed in 
greater depth below. Secondly, the mode and circumstances of administering the task 
itself and the feedback was important. In the previous judgment analysis studies in 
this thesis, the task took approximately forty to sixty minutes as a one-off 
intervention, and was administered individually. This was extremely labour-intensive 
and time-consuming, with busy clinicians trying to fit the experiment in around their 
clinical work. Many last-minute cancellations occurred, and it was difficult to 
envisage how the repeat contact with the same clinicians required for this study could 
 203 
be engineered using this approach. For practical reasons, it was decided that this study 
should be administered to doctors who were taking training courses.  This would 
allow contact via email lists with participants prior to training courses for recruitment, 
and tasks/feedback could be administered to groups of participants during breaks from 
the official course content, without interruption from pagers and other demands of 
clinical work. Although a whole group could complete the task simultaneously, they 
could be requested to complete it individually without reference to their colleagues.  
 
 This approach brought its own task constraints. In particular, the task itself 
needed to be relatively quick to complete, owing to time pressures on training courses 
and the need to avoid depriving the trainee surgeons who were to participate from 
having any breaks at all in their training courses. For this reason, the number of cases 
in the set needed to be as low as possible without excessive compromise to the 
regression models derived from them, and the presentation of the cases needed to be 
as swift as possible.  
 
 Thirdly, and again taking time constraints into account, consideration had to 
be given as to the content and format of the feedback to ensure it could be prepared 
and administered in the time frame available.  
 
Identifying a criterion standard 
 Provision of cognitive feedback requires information about how cues relate to 
the real world – the so-called “cue-criterion relationships”. For the purposes of this 
study, the criterion standard was based on a study by Donati et al (2004), who 
developed a model for operative mortality during the initial inpatient stay. The model 
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found four variables to be independent predictors of mortality for operated patients. 
The variables were age and ASA status of the patient, whether the operation was 
elective or performed urgently/as an emergency, and the “invasiveness” of the 
operation. The model was based on the outcomes of two comparable sets of patients: 
1936 patients in a development data set, and 1849 patients in a validation data set. 
Mortality rates were presented in tables in the study, according to the four variables in 
the model. 
 
 To maintain as much simplicity in the study design for this experiment (and in 
the feedback to be provided) linear regression modelling was again chosen for the 
judgment analysis procedure. It was therefore important that the criterion standard 
values could be adequately modelled using linear regression also. The authors of the 
study stated that “tests for linearity performed for ASA grade and age suggested they 
could be considered continuous variables . . . and increments were of 1 yr for age and 
1 class for ASA” (Donati et al, 2004).  
 
Designing the case sets 
Initially SPSS was used to create an orthogonal fractional factorial design for 
the study using all four variables in the original model, and values were read from the 
tables for each case in the design to form the criterion standard. However, when an 
attempt was made to model the case set according to the predicted mortalities from 
the published model using linear regression, the model fit was unacceptably poor 
(adjusted R2 = .452). On inspection of the values in the table, it appeared that the 
variable “invasiveness” was interacting with the other cues. Restricting the variable 
“invasiveness” to only Grade 3 operations, and selecting 4 approximately evenly 
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spaced values for age (as well as the 4 values (I-IV) for ASA and 2 values for 
operative urgency) gave a total number of only 32 different combinations of cues. Of 
these, 4 were discarded as they were highly improbable scenarios in terms of 
maintaining the plausibility of the case set (70 year olds and 94 year olds in perfect 
health). The remaining 28 cue combinations were checked to ensure this manipulation 
had not introduced any unintentional correlation between variables in the case set, and 
each case was assigned an expected mortality probability from the tables in Donati’s 
paper. Linear modelling gave a more accurate fit for this case set (adjusted R2 = 
0.773) which was deemed acceptable.  
 
Although age and co-morbidity are in fact correlated in real-world 
populations, they were behaving as independent predictors in the criterion standard 
model, and were intentionally made orthogonal in the experimental case set. No 
irrelevant cues were included in the study design. A design consisting of 28 cases for 
3 cues approached the Cooksey’s ideal ratio of 10 cases per cue (Cooksey, 1996), and 
far exceeded the acceptable minimum of 5 cases per cue. The included cues and their 
levels are shown in Figure 8.2 on the following page, which provides a model for the 
study and details of the cues included. 
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Figure 8.2a Model of study - cues 
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Figure 8.2b Levels of cues 
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Materials  
 Two packs were compiled for the participants. The first comprised the consent 
form, then a sheet on which to provide an explicit subjective weighting for each cue 
on a linear scale. Details of the task instructions followed (including details of the 
ASA grading system and the modified John Hopkins criteria). Next the 28 cases were 
presented as very brief one-line vignettes, with no repeat cases included. Pack 1 is 
included in Appendix I. Presenting the cases in this relatively abstract and brief way 
represented a departure from the Brunswikian ideal of maximal “ecological validity” 
(Brunswik, 1956); however this was a deliberate compromise to ensure the task could 
be administered in the minimum necessary time. 
 
Components of feedback 
 The feedback provided to each participant was individualised, but followed a 
standard pattern. Firstly, “anchor values” were provided for the least risky (youngest, 
fittest, elective case) and most risky case (oldest, sickest, emergency case) in the set. 
Next, estimates of the risk of mortality for each case in the first task were correlated 
for each participant to those derived from the gold standard model, to give an 
objective measure of achievement at the task. A scatterplot of the gold standard 
predictions against each participant’s predictions was created, and a line representing 
perfect correlation was superimposed on each graph, with a comment on whether the 
participant was generally over- or under-estimating the risks. 
 
 Then, for each participant, usage of the cues was modelled using a linear 
regression model, to determine which cues significantly predicted the risk judgments, 
and to give “cue weightings” for each cue and a model fit. This procedure had also 
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been applied to the scores derived from the outcomes-based predictive model, to 
provide “gold standard” cue weightings and model fit. These measures were inserted 
with appropriate standardised commentary into the template for the feedback. Some 
examples of feedback provided are included in Appendix J. 
 
 Relating the components of the feedback to Doherty and Balzer’s analysis 
(Doherty & Balzer, 1988), the “anchors” constituted task information, the correlations 
and accompanying comments constituted functional validity information, and the 
comments on cue usage included all three types of information: task information (the 
correct ranking of cue weightings), cognitive information (how the cues influenced 
participants’ judgments) and functional validity information (relationship between 
participant cue weightings and those derived form the gold standard model). 
 
Repeat task material and feedback 
 Pack 2 contained another copy of the explicit cue weighting form, followed by 
the second set of 28 cases (the same cases randomised into a different order), then a 
participant feedback form to evaluate the process. Participants responded to 
statements relating to how they found the task itself, whether they understood the 
feedback, and whether they felt their performance had improved after the feedback. 
They were also asked whether formal risk calculators were used in their workplace 
routinely. Answers were provided on an anchored Likert scale ranging from 1 
(“strongly agree”) to 6 (“strongly disgree”). The option of answering “Don’t know” 
was also provided. A copy of this feedback form may be found in Appendix K. 
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8.3.3 Procedure 
 
The first set of documentation was administered to participants at the 
beginning of the experiment. Participants signed the consent form and completed the 
brief demographic questionnaire. Prior to judging the cases, the participants then 
placed marks on linear scales to indicate the importance of each cue in their subjective 
opinion, to establish their explicit knowledge about the relative importance of each 
variable as a predictor of mortality. They then judged each of the 28 cases, giving an 
estimated likelihood of mortality for each case, provided as a percentage (between 0 
and 100%) in writing on an answer sheet.  
 
 For all groups, individualised feedback was prepared for each participant in 
writing according to the content schema outlined above, and provided to the 
participants approximately 24 hours after completion of the first task. The feedback 
was explained briefly, and participants had an opportunity to ask questions about their 
own feedback if they wished to. They then proceeded immediately to complete the 
second task, which contained identical material to the first task including the explicit 
subjective cue weightings, followed by the same clinical vignettes as the first task, 
randomised into a different order as previously described. They then completed the 
participant feedback form. 
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8.3.4 Data management and analysis 
 
 All data (demographic information, explicit cue weighting data recorded as 
rank order of the cues, risk estimates and feedback data) were input as they were 
received into an SPSS database. 
 
 As previously described, for each individual participant, estimates of the risk 
of mortality for each case in the first task were correlated to those derived from the 
gold standard model, to give an objective measure of achievement at the task. Then, 
for each participant, usage of the cues was modelled using a linear regression model, 
to determine which cues significantly predicted the risk judgments, and to give “cue 
weightings” for each cue and a model fit. This procedure had also been applied to the 
scores derived from the outcomes-based predictive model, to provide “gold standard” 
cue weightings and model fit. These measures from the first case set were used with 
appropriate standardised explanatory commentary to constitute the feedback. 
 
 However, a number of additional measures over and above those used for the 
feedback were derived from the raw data both before and after the feedback 
intervention. The first set of measures related to participant achievement (accuracy) 
on their judgments of operative mortality. These measures were, as in the previous 
study:  
− Mean absolute error (how far away on average each individual’s judgments 
  were from the evidence based estimates) 
− Mean square error (similar information to the mean absolute error)  
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− Correlation of individual judgments to gold standard derived estimates, later   
  transformed to Z scores to enable statistical analysis at the group level. 
 
 A further measure was recorded in this study: the mean signed difference 
between individual judgments and gold standard derived estimates, giving a measure 
of whether the individual was generally over- or under-estimating the risk of 
mortality. 
 
 In addition to these measures of achievement, the regression procedure yielded 
the following further measures. The adjusted model fit from the regression models 
was used as a measure of participants’ consistency with using the cues – the less 
“noisy” their use of the cues, the higher the adjusted model fit. Finally, individuals’ 
implicit cue weightings as revealed by the beta weights from the regression models 
could be compared to the explicit ranked cue weightings. 
 
 The same idiographic analysis was repeated for the estimates of mortality 
provided by each individual in the second task. Data were then analysed at the group 
level. Analysis of variance was used to determine the effects of the feedback 
intervention on performance, with comparison of the two groups of participants 
(trainee surgeons and 5th year medical students). T-tests to determine the degree of 
significance of effects were performed where appropriate, with independent sample t-
tests being used when comparing between groups (with different groups representing 
independent measures), and paired sample t-tests being used when comparing 
performance within a group before and after feedback (repeated measures). 
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 Finally, the participant feedback data was analysed, with t-tests being 
performed against a neutral test value of 3.5 to look for overall agreement or 
disagreement with the statement in question (with mean values significantly less than 
3.5 indicating overall agreement, and mean values significantly more than 3.5 
indicating overall disagreement). Responses of “Don’t know” were excluded from the 
analysis. 
 
8.4 Results 
 
 Results are presented here in five sections. The first section describes the 
demographics of the two groups of participants. The second presents the average 
internal consistency of each group before and after the feedback, as measured by the 
adjusted R2 (giving a measure of the amount of variation in the participants judgments 
accounted for by the cues in the regression models – higher if the cues were used 
consistently). The third section describes the cue usage by the two groups. The fourth 
section gives the achievement results (accuracy of the risk judgments compared to the 
gold standard). Finally, participant feedback on the study is presented. 
 
8.4.1 Participants 
 
 55/67 (82.1%) of surgical trainee participants who completed a question 
asking their gender were male, and 12/67 (17.9%) were female. The mean age of both 
male and female participants was 27 years. 28/66 (42.4%) were foundation doctors, 
26/66 (37.7%) were senior house officers and 12/66 (17.4%) were specialty trainees. 
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 16/35 (45.7%) of responding medical students were male, and 19/35 (54.3%) 
were female. The ages of the medical students ranged from 21-25 years, with a mean 
age of 22 years. All were in their fifth year of undergraduate study. 
 
8.4.2 Internal Consistency (Adjusted model fit)  
 
 On the first task (pre-feedback), the median adjusted model fit for the surgical 
trainee group was 0.719, compared to 0.752 for the medical students. The adjusted 
model fit increased significantly after the feedback in both groups. For the medical 
students, it increased from 0.724 to 0.792 (T (34) = -4.17, p < 0.001), and for the 
surgical trainees, it increased from 0.699 to 0.759, (T (68) = -3.57, p = 0.001). There 
was no significant difference between the medical students and the trainee surgeons 
either before or after the feedback. 
 
8.4.3 Cue weightings 
 
 The relative importance of each variable in determining the actual risk of 
mortality was established by subjecting the gold standard-derived risk estimates for 
the case set to the same regression procedure as the participants’ risk judgments, 
yielding gold standard beta weights. ASA was the most important variable with a beta 
weight of 0.577. Next in order was urgency, with a beta weight of 0.484 and last came 
age, with a beta weight of 0.377. 
 
 Prior to the first task (pre-feedback), participants were asked to indicate the 
relative importance of the three cues (ASA, urgency of operation and age) on a linear 
 214 
scale. For each participant, a rank order of the variables was extracted from these 
linear scales. Only 14/69 of surgical trainees and 5/36 of medical students gave the 
correct rank order of the variables. There are only six possible rank orders for 3 cues 
(3x2x1), so Chi-square analysis was undertaken to assess whether the performance of 
the students and trainees at ranking the cues was different to that which would be 
expected by chance. For the medical students, χ2(1, N = 36) = 0.20, which was not 
significantly different to chance, and neither was the performance of the  trainee 
surgeons (χ2(1, N = 69) = 0.65, ns). The inability of participants to perform better than 
chance on this subjective cue ordering task indicated that they had no insight into their 
actual use of the cues. 
 
 The median beta weights from each group for the first (pre-feedback) and 
second (post-feedback) tasks are displayed in Figure 8.3 below, alongside the gold 
standard beta weights.  
 
Figure 8.3 Cue weightings from medical students’/surgical trainees’ judgments 
before and after the feedback, compared to the gold standard beta weights 
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
beta
weight
ASA
beta
weight
urgency
beta
weight
age
gold standard
medical students
pre feedback
medical students
post feedback
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
beta
weight
ASA
beta
weight
urgency
beta
weight
age
gold standard
surgical trainees
pre feedback
surgical trainees
post feedback
 
  Statistical analysis of beta weights requires some caution due lack of 
understanding of their distribution. However, it is of interest to know whether cue 
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weightings changed significantly after provision of feedback, and if so, whether it was 
in the desired direction (towards the gold standard cue weighting) or whether the 
feedback could actually have had a negative impact on participants’ ability to 
correctly weight the cues. Non-parametric tests (Wilcoxon’s matched-pairs signed-
ranks test) were used to compare cue weightings before and after the feedback, within 
each of the two groups. The beta weight for ASA increased in both groups. This 
increase was significant in the larger surgical trainee group (z = 2.93, N-Ties = 68, p 
<.005, two-tailed), and the change was in the desired direction – though it “overshot” 
past the gold standard beta weight. The pattern appeared similar but was not 
significant in the medical student group (z = 1.50, N-Ties = 35, ns). Both groups 
placed insufficient weight on operative urgency pre-feedback, and this did not 
improve after the feedback – in fact it got worse. Again this change was significant in 
the surgical trainee group (z = 2.82, N-Ties = 35, p = .005, two-tailed), but not the 
medical student group (z = .57, N-Ties = 35, ns), though on inspection of the graphs 
in Figure 8.3, a similar pattern is seen in both groups. Finally, there was no significant 
change in the weighting of age in either group in response to the feedback.  
 
 
8.4.4 Achievement 
 
 Achievement was assessed on the first task (prior to provision of feedback) 
using the four measures described above: mean absolute error, mean signed error, 
mean square error and correlation to the gold standard (converted to z scores for 
group level analysis).  
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  Findings for mean absolute error (the “number of percentage points wide of 
the mark” that participants were on average with their risk estimates, irrespective of 
the direction of error) are presented in detail below, as this is the most clinically 
intuitive of the measures of their accuracy. Pre-feedback, the trainee surgeons’ risk 
judgments of operative mortality had a mean absolute error of 15.34% when 
compared against the gold standard derived risk estimates (i.e. on average 15.34% 
higher or lower), compared to 23.34% for the judgments of the medical students, with 
the better performance of the surgical trainees being statistically significant. T (102) = 
3.48, p = 0.001. Post-feedback, the mean absolute error of the surgical trainees was 
unchanged, whereas that of the medical students was reduced significantly from 
23.34% to 17.40% (T (34) = 4.07, p < 0.001), abolishing the previously present 
statistically significant difference in performance between the medical students and 
the surgical trainees. These findings are summarized in Figure 8.4 below, which 
compares results by group pre- and post-feedback, as well as across groups before and 
after the feedback intervention. 
 
Figure 8.4 Mean absolute error across groups/pre- and post- feedback 
 Pre-feedback Post-feedback T(df) Significance 
Medical students 23.34% 17.40% T (34) = 4.07 p < 0.001 
Surgical trainees 15.34% 14.40% T(68) = 1.06 NS 
T(df) T (102) = 3.48 T(102) = 1.64   
Significance p = 0.001 NS   
  
 These findings were replicated across the other measures of achievement. For 
mean square error and mean signed error pre-feedback, surgical trainees’ judgments 
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were again significantly more accurate than those of the medical students (p = 0.005 
and p < 0.001 respectively). Mean signed error also revealed that both groups were 
overestimating the risk of mortality on average, the medical students to a greater 
extent than the surgical trainees (amongst the medical students, 88.6% participants 
were overestimating the risks on average, and 11.4% underestimating, compared to 
71% of the surgical trainees overestimating and 29% underestimating). Post feedback, 
the surgical trainees did not show any significant reduction in error, but the medical 
students improved significantly on both mean square error and mean signed error (p < 
0.001 and p = 0.006 respectively), and the (pre-intervention) statistically significant 
difference between the medical student and surgical trainee groups disappeared.  
 
 Finally the correlation-based achievement measure again showed a similar 
pattern (surgical trainees’ judgments were significantly better correlated to the gold 
standard derived estimates than those of the medical students pre-feedback (p 
=0.003). Post-feedback, the surgical trainees did not improve, but the medical 
students did (approaching significance on this measure), and after the feedback there 
was no longer any statistically significant difference between the performances of the 
two groups.  
   
8.4.5 Feedback on the task 
 
 Responses to the statements provided on the participant feedback 
questionnaire only differed significantly between the medical student and surgical 
trainee groups for one statement relating to whether routine risk calculators were used 
in their workplace. Both groups disagreed with the statement that formal risk 
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calculators were in use in their workplace, but surgical trainees indicated higher levels 
of disagreement than did medical students (p=0.031). 
 
 The remaining participant feedback results are not separated by group, as there 
were no other significant differences in response between the two groups. 
 75% participants strongly agreed that surgeons should be able to estimate 
surgical risks, with 95% indicating slight or greater agreement, but they disagreed 
with the statement that “estimating surgical risks for individual patients is easy” (T 
(99) = 5.29, p < 0.001) 
 
Participants felt they understood what they were being asked to do in the task (T (98) 
= -13.33, p < 0.001), enjoyed the task (T (98) = -6.23, p < 0.001) and did not find it 
boring (T (99) = 6.16, p < 0.001). They agreed that they understood the feedback (T 
(99) = -17.41, p < 0.001) and found it useful (T (98) = -17.03, p < 0.001)  
 
 Despite not considering that estimating surgical risks for individual patients 
was easy, participants exhibited confidence that their predictions were accurate (T 
(98) = -2.48, p = 0.15). Amongst those who offered an opinion, participants felt that 
their performance improved on the second set of cases (t (59) = -4.85, p < 0.001) but 
40 participants indicated that they did not know.  
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 Interestingly, amongst those who offered an opinion, responses from the 
medical students (whose performance did improve) were very similar to those of the 
surgical trainees (whose performance did not improve) – see Figure 8.5 below. 
Strongly 
disagree
DisagreeSlightly 
disagree
Slightly 
agree
AgreeStrongly 
agree
My performance improved on the second set of 
cases
40.0%
30.0%
20.0%
10.0%
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Stage
 
Figure 8.5 Opinions on whether performance improved 
 
 Participants agreed that they would be interested to receive further feedback 
on the second set of cases, (t (96) = -15.04, p < 0.001) and would be willing to 
participate in other similar studies (t (91) = -9.83, p < 0.001). 
 
8.5 Discussion 
 
 This study is one of very few attempts to formally improve surgical decision 
making in trainee clinicians, in this instance focussing on surgical risk estimation. The 
aim was to evaluate the use of cognitive feedback (as opposed to outcome feedback) 
to improve surgical trainees’ decision-making skill in making judgments of post-
operative mortality risk. A tool that provides objective, specific, individualised 
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feedback on the underlying risk judgment processes was designed. It was then tested 
with a group of surgical trainees and a group of fifth year medical students.  
 
 Pre-feedback, surgeons performed overall better than fifth year medical 
students. On the first task prior to the feedback, the surgical trainees performed 
significantly better in terms of accuracy than the medical students, as would be 
expected given their increased comparative level of expertise, despite the inability of 
both groups of participants to perform better than chance on the subjective cue 
ordering task, indicating that neither group had any insight into their actual use of the 
cues prior to the feedback. The improved performance of the surgical trainee group 
compared to the medical student group was present across all the measures of 
accuracy or “achievement” (correlation to gold standard, mean signed difference, 
mean absolute difference and mean square error), and demonstrated the construct 
validity of the judgment analysis task used in the study. 
 
 Post-feedback, in both groups cognitive feedback improved reliability in the 
generation of risk estimates. The increase in adjusted R2 indicates that participants 
were using the cues in a more consistent manner when estimating mortality on the 
second set of cases (post-training). This may reflect the synthesis and refinement of an 
implicit rule as a result of thinking about the influence of the variables whilst 
estimating risks for the first set of cases (pre-training) – though it does not relate to 
the accuracy of that rule. In addition, cognitive feedback improved the accuracy of 
medical students’ estimates as assessed against the gold standard: they became more 
accurate in judging operative risks after receiving feedback, so much so that their 
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performance matched that of the surgical trainees, whose risk estimates did not 
become significantly more accurate.
 
 
 Both groups had a tendency to overestimate the risk of surgical mortality 
across the hypothetical case set, the medical students to a greater extent. Despite 
being more accurate than the medical students, trainee surgeons’ risk judgments of 
operative mortality were insufficiently accurate from the point of view of gaining 
informed patient consent for an operation, being on average 15.34% away from the 
gold standard derived estimates.  
 
 The medical students’ performance in terms of achievement improved 
significantly after the feedback but that of the surgical trainees did not.  In fact, the 
previous significant difference in achievement between the two groups was abolished 
after the feedback. Why did the surgical trainees fail to improve as well? This may 
have been due to a ceiling effect, though with inaccuracy of over 15% on the first task 
there appeared still to be room for improvement. Possible explanations include some 
limitation on performance inherent in the task design, or possibly that the abstract 
nature of the case vignettes and lack of contextual background caused an artificial 
ceiling in the level of performance of the surgical trainees.  
 
 However, the improvement in overall accuracy by the medical student group 
relative to the surgical trainee group was not mirrored by improvements in the 
accuracy of weighting of specific cues compared to gold standard-derived cue 
weightings. Whilst both the medical student and trainee surgeon groups showed a 
similar picture in terms of changes in cue weightings after the feedback, the changes 
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lacked statistical significance in the medical student group, probably on account of the 
smaller group size. In the surgical trainee group, only the ASA beta weight moved in 
the appropriate direction (towards the gold standard) after feedback; the Urgency cue 
actually moved farther away from the gold-standard levels. How can this be explained 
– could the feedback actually be detrimental to aspects of performance? There are 
certainly proponents of the idea that this phenomenon can in fact occur and that 
feedback can have mixed or even negative effects. Kluger and Denisi (1996) found in 
a meta-analysis that feedback impaired performance in 32% cases, postulating a series 
of possible causes for this effect, in what they termed “feedback intervention theory”. 
One possible explanation for the partial negative finding in this study is the 
suggestion that the diversion of cognitive resources as a consequence of feedback may 
be a cause of impaired performance (Kanfer & Ackerman, 1989). 
 
 However, both groups became more consistent in their use of the cues on the 
second task as indicated by the adjusted model fit, though this may have been a 
feature of increasing familiarity with the “task environment”. Their ability to correctly 
rank order the cues explicitly after the feedback demonstrated that, whilst on a 
superficial level they were able to understand and repeat the cues in order of 
importance, they were unable to incorporate this information on an implicit level into 
their risk judgments after the feedback as recognised above.  
 
 Taken together, these findings suggest that cognitive feedback, as 
operationalised in this study, have the potential shorten the learning curve for 
improving overall accuracy at a purely cognitive skill – i.e. surgical risk estimation. 
This finding is analogous to existing evidence on the usefulness of surgical 
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simulation-based training in shortening surgical trainees’ motor skill learning curves 
(Aggarwal et al, 2007) and extends it into the field of a surgical decision-making. 
From the perspective of surgical training, these findings indicate that there are ways to 
train and potentially assess surgeons’ risk judgment and clinical decision-making in a 
systematic and constructive manner. Individual trainees can be provided with 
quantifiable, objective feedback on their performance. Because of the nature of the 
feedback, a trainee can monitor him/herself over time, can compare with peers, and 
also with external criteria, such as gold standard models where these are available. 
With respect to risk estimation, a training module such as the one we have developed 
could be easily provided online, with immediate feedback to the user, at a time/place 
of convenience for the trainee.   
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Chapter 9: Development and evaluation of a training module 
 
9.1 Introduction 
 
9.1.1 Why develop a course on surgical judgment and decision making? 
 
Having developed an interest in the psychology of judgment and decision 
making, and in particular its relationship to the clinical decision making of surgeons, 
it became progressively more extraordinary to me that the relevant concepts that have 
been elucidated through JDM research are neither routinely taught to clinicians, nor 
even often published in applied studies in mainstream clinical literature. It appears 
that whilst clinicians and surgical educators acknowledge the central importance of 
decision making to their expertise, there has been a failure of engagement of 
clinicians with the relevant (psychological) research base. 
 
Surgery has been slower than certain other paramedical fields (e.g. nursing) to 
accept the value of introspection into the processes of one’s own clinical work for 
driving improvement and quality, such as the approach known as “reflective practice” 
(Schön, 1987). Undoubtedly surgeons do consider their own decisions at the time they 
are made as well as subsequently, and they describe the experience of regret when 
complications occur. Yet reflection on decision making lacks value and validity if 
practicing clinicians not only lack the relevant conceptual understanding, but also do 
not even possess a precise vocabulary with which to consider their own decision 
making and that of their peers. To facilitate clinicians’ understanding, the natural next 
step in developing this line of research work was to take a group of clinicians and 
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offer them a course that presents the relevant information in an appropriately applied 
manner to demonstrate its importance for their clinical practice. I could then evaluate 
to what extent they found it to be valuable, useful, and likely to change their approach 
to practice. 
 
The development, piloting and delivery of a training module are outlined in 
this chapter. Such courses have been developed before -  indeed, a far more detailed, 
longer course was devised, convened and taught by psychologist and decision 
researcher Professor Jack Dowie, and delivered via the Open University. This 
consisted of a series of readings, articles and video materials covering important 
conceptual and theoretical approaches. The course was presented for 11 years (1992-
2000) and taken by 2840 students. No exact figures are available on the occupations 
of participants, but approximately 2-3% were doctors, 25% nurses and members of 
professions allied to medicine, 20% social workers and services and the rest 
miscellaneous, including many administrative staff within the public sector (Dowie, 
2008). However, this course is unique in being specifically designed for the learning 
needs of trainee surgeons. 
 
 The training described in this chapter is much briefer (one half day rather than 
a whole course within the context a university degree) but has been developed 
specifically to introduce the most relevant aspects of the topic to trainee surgeons, and 
delivered with the support and backing of the Royal College of Surgeons. The 
intention here was for a vocational, rather than solely academic focus. The rationale 
for developing the course was that a specific learning need had been identified within 
the surgical curriculum, with the goal of designing a course to address that need. 
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9.1.2 Principles of adult learning 
The term "andragogy" was coined by Malcolm Knowles (1970) to describe 
adult learning. In contrast to “pedagogy”, generally used to refer to the "the science of 
teaching children", andragogy describes "the art and science of helping adults learn" 
with a focus on adult learning as a process of self directed inquiry. Knowles argued 
that adults need to know why they should learn something, and to consider it 
important to acquire the new skill, knowledge or attitude. Adults not only desire to be 
self-directing in their choice of learning, but also have a far greater volume and 
different quality of experiences than younger people. In consequence, connecting 
learning experiences to past experiences can make the learning more meaningful, as 
well as assist with the acquisition of new knowledge. Adults become ready to learn 
when they experience a life situation which necessitates the knowledge, and enter into 
the learning process with a task centred orientation to learning.  
Carl Rogers distinguished two types of learning: “cognitive” and 
“experiential” (1969). “Cognitive” learning is seen as academic knowledge, which 
may be perceived as lacking meaning, whilst “experiential” learning equates to 
“learning by doing”, and is perceived as significant.  
Rogers considered experiential learning to have the qualities of personal 
involvement, being self initiated, evaluated by the learner and having pervasive 
effects on the learner - equivalent to personal change and growth. He perceived the 
role of the teacher as being to facilitate such learning, by setting a positive climate for 
learning, clarifying the learners’ purposes, and organising and making available 
learning resources. He felt teachers should balance the intellectual and emotional 
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components of learning, and should share feelings and thoughts with learners, though 
without dominating.  
More recently, Cross (1981) developed the Characteristics of Adults as 
Learners (CAL) model which attempts to integrate other theoretical frameworks for 
adult learning such as andragogy, experiential learning, and lifespan psychology. It 
consists of two sets of factors that affect learning - personal (such as aging, and 
work/relationship status) and situational (whether learning full or part time, whether 
voluntarily or compulsorily), and is intended to provide guidelines for adult education 
programs. These guidelines include capitalising on the experience of participants, 
challenging them to move towards more advanced personal development, and 
providing choice in the availability and organisation of learning programs.  
The common thread in all of these theoretical approaches to adult education is 
the value placed on prior learning and experience of adults. In terms of the design of 
training for surgeons on decision making, there are some practical consequences. 
Firstly, the training needed to be delivered at a point in participants’ progression at 
which they perceive a need to understand clinical decision making more fully. 
Responsibility for clinical decision making does not arise in a surgeon’s career until 
after they have qualified as doctors, and increases as they ascend the surgical career 
structure.  
 
This theoretical background was important in terms of development of the 
training. It seemed most appropriate to design training for the needs of qualified 
clinicians, rather than medical students, and in an early phase of their postgraduate 
 228 
training when the learning curve for decision making is at its steepest and their 
motivation to learn at its highest. Secondly, eliciting and utilising the previous 
experience of learners was identified as key to making the session effective and 
interesting, to counterbalance the academic and theoretical components. 
9.1.3 Principles for course development 
 
Two main sets of principles guided the development of the course. Firstly, in 
terms of course content, a selective approach was necessary. In the final iteration of 
refining the content, each of the three main strands of decision making research 
(normative, descriptive and prescriptive) were examined to try to identify the most 
important concepts to communicate. Every attempt was made to tie in abstract 
theoretical concepts with concrete clinical examples to maximise the relevance and 
clarity of the material. Secondly, the principles of adult education described above 
were employed to optimize communication and delivery of the material. 
 
In addition to these guiding principles, there were a number of constraints by 
which the course development process was necessarily bounded, such as the 
practicalities of recruitment, time and equipment limitations, etc. The course 
development is described in detail in the methods section of this chapter below. 
 
9.2 Aims 
 
The overarching aim for this final empirical section of the thesis was to develop 
and evaluate a training session on decision making in clinical practice. This was to 
take a modular format, and ideally be suitable and/or adaptable for a range of 
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professional roles, subspecialties and levels of experience. I felt it was important to 
ensure the session met several criteria; in particular that it should be grounded in real-
world clinical material, communicating the important theoretical background in a 
relevant applied fashion; be of practical use to participants; encourage reflective 
practice; and finally be delivered in accordance with adult educational principles 
described above. 
 
9.3 Methods 
 
9.3.1 Overview of course development 
 
An iterative approach to developing the course was taken, and a schematic 
representation of the process taken is outlined in Figure 9.1. Initially content was 
developed and delivered in a pre-pilot phase to two small groups of healthcare 
professionals in training to become peri-operative surgical practitioners (PSPs) or 
surgical care practitioners (SCPs). Feedback was elicited from the groups as well as 
from an independent observer/educationalist with a background in research into 
training healthcare professionals, who attended one of the sessions.  
 
The content and presentation were further developed and expanded in the light 
of this experience, and the revised course (pilot phase) was delivered to a larger group 
of participants, this time surgeons undertaking an MSc course. Again, further informal 
and questionnaire-based feedback was sought, and a further round of refinements to 
the materials was made, and an application was made to deliver the course formally 
under the auspices of the Royal College of Surgeons. Course development 
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                   Results: 
Participants 
Decision making questionnaires 
Course evaluation questionnaire 
General course feedback 
 
Pre-pilot phase 
- Small groups of PSPs/SCPs 
- 90 minute session 
 
Pilot phase 
- Group of >30 surgeons 
- Half day session 
Courses A & B (RCS) 
- Two groups of 30-40 surgeons 
- Half day session 
documentation, including formally specified learning objectives, were submitted and 
approved. This is available in Appendix L. The finalised course was delivered to two 
groups of surgeons (Courses A and B) at the Royal College of Surgeons. Each session 
was attended by over 30 trainee surgeons. Further detailed feedback was sought from 
participants.  
 
Figure 9.1 Overview of course development process 
Initial development of course materials 
(Collaboration between surgeon and psychologist) 
 
     
 
  
 
 
 
       Informal group/observer feedback 
         Expansion and reworking of content 
         Design of decision making questionnaires (pre and post  
session) 
     
 
 
 
Informal group feedback and results of decision making                                       
questionnaires 
       Refinement of content / clarification of learning objectives 
       Design of course evaluation questionnaire and general   
     feedback forms 
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9.3.2 Participants 
 
Participants for the pilot phase were >30 surgeons undertaking an MSc course 
at Imperial College. The session was incorporated into their course timetable, and 
associated costs were met within the MSc programme. For Courses A and B, 
organisation and recruitment was carried out via the Royal College of Surgeons 
Raven Department of Education, who advertised the course to trainee surgeons and 
took bookings, covering the cost of all administrative activities. A deposit of £50 was 
taken from each participant, refundable on the day, to minimize late cancellations. 
The course itself was run at no charge to participants.  
 
9.3.3 Materials 
 
 
9.3.3.1 Course content and Course Pack 
 
The detail of the development of the course content is available in Appendix 
M. The final programme for Courses A and B is presented in Figure 9.2 on the 
following page. A powerpoint presentation was prepared, though didactic elements 
were minimised by encouraging participant input throughout, with incorporation of 
small group work. Selected slides from the presentation were prepared as a printed 
handout which was included in a Course Pack with a course programme, the 
questionnaires, and relevant reading materials. 
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Figure 9.2     Course Programme 
9.00 – 9.15 Welcome and completion of pre-course questionnaire 
 
9.15 – 9.45 Introduction to surgical judgment and decision making 
  To include 
• Importance of judgment and decision making for surgical competency 
• Definitions of terms: 
- Judgment 
- Decision 
- Risk 
- Uncertainty 
- Additional related concepts and terms 
• Contextualisation of the role of judgment and decision making within Evidence-based Surgery 
• Special features of surgical decisions 
 
 
9.45 – 10.00 The development of expertise at decision making 
  To include 
• Changes in knowledge representation with increasing expertise 
- Abernathy and Hamm, surgical scripts 
• Phases of progression at decision making with increasing expertise (Dreyfus and Dreyfus) and 
features of each stage 
• Relevance of differences for trainees and trainers 
 
10.00 – 10.45  Models of decision making 
  To include 
• Overview of contrast/continuum between deliberative and intuitive approaches 
• Interactive exercise: Decisions elicited from trainees on pre-course questionnaire to be placed on 
deliberative/intuitive continuum 
• Highly structured approaches 
- Evidence-based surgery 
- Formal decision analysis 
- Bayesian approaches 
• Models of intuitive approaches 
- Naturalistic decision making 
- Recognition-primed decision making 
• Estimating risk 
 
 
10.45 – 11.00  Break for coffee 
 
11.00 – 11.30  Decision making biases and pitfalls 
To be demonstrated interactively with the group using clinical examples 
• Biases: 
- Confirmation bias 
- Availability 
- Hindsight 
- Unpacking 
- Sunk cost 
- Omission bias 
- Regret 
• Taking risks 
- Framing 
- Prospect Theory 
• Overconfidence – to be demonstrated using results from the pre-session questionnaire 
 
11.30 – 12.00  Introduction to a decision tool 
• PrOACT decision tool (Keeney et al 1999) 
- Problem 
- Objectives 
- Alternatives 
- Consequences 
- Tradeoffs 
• Small group exercise to use the tool on decisions elicited from the group 
• Suggestions for use in discussion with trainers/case-based discussions, reflective writing/portfolio 
development, discussing difficult decisions with patients 
 
12.00 – 12.15  Completion of post-course questionnaire 
 
12.15 – 12.30  Open discussion on topics covered, course itself 
 
12.30   Close of session 
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9.3.3.2 Decision Making Questionnaires: pre-course and post-course 
 
The pre-course decision making questionnaire contained a few initial 
demographic questions. The intention was to keep the questionnaires anonymous, but 
to identify them in such a way that pre- and post-course decision making 
questionnaires could be matched. This was achieved by including a request for 
participants’ mothers’ initials, and the last 5 digits of their own mobile phone number. 
The final versions of the pre- and post-course decision making questionnaires 
contained eight statements in a table, and may be found in Appendix  N. Participants 
were asked to indicate the extent to which they agreed or disagreed with the 
statements on a seven point anchored Likert scale.  
 
Seven of the statements were identical on the pre- and post- course versions of 
the questionnaire, though the order was randomised for the post-course version. These 
statements were intended to gain baseline attitudes and perceived levels of knowledge 
on the topic (pre-course) and to detect changes in these induced by the training 
session (post-course). One of these (“My judgment and decision making are above 
average for my grade/experience”) was intended for use as a demonstration of 
overconfidence on the pre-course questionnaire (item 4), and to identify whether the 
session had a de-biasing effect by a repeat question on the post-course questionnaire. 
Time was set aside for completion of pre-course questionnaires at the beginning of the 
session. Results from the group were calculated by one presenter (RJ) during a section 
presented by the other (NS) so they could be presented back to the group as a 
demonstration in the section on overconfidence.  
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The unmatched question on the pre-course questionnaire (item 1) was intended 
to ascertain whether participants had previously been exposed to such training. An 
additional free-text question on the pre-course version asked participants to describe a 
difficult surgical decision they had been involved with, so that their own decisions 
could be worked into the session for discussion and to illustrate concepts where 
possible. The unmatched question on the post-course questionnaire (item 6) provided 
a crude measure of whether the participants had found the session interesting and 
useful. These questionnaires were used to gauge participants’ attitudes and subjective 
evaluation of their own learning from the pilot, and from courses A and B. 
 
9.3.3.3 Course Content Evaluation Questionnaire  
 
Formalising the course objectives and learning outcomes provided a useful 
basis for the design of a course content evaluation questionnaire, which may be found 
in Appendix O.  Participants were asked to indicate whether each course objective and 
learning outcome in turn had been met by indicating their opinion on a five-point 
anchored Likert scale, with answers ranging from 1 (not met) through 3 (partly met) 
to 5 (fully met). This questionnaire was introduced to evaluate courses A and B. 
 
 
9.3.3.4 Global Course Feedback Questionnaire  
 
 
Global course feedback questions relating to the course content, delivery, 
venue and organisation were included in this questionnaire (available in Appendix P), 
with answers again indicated on a five-point anchored Likert scale, ranging from 
1(very poor) through 3 (satisfactory) to 5 (excellent). Finally, four free text questions 
solicited participants’ opinions as to the best aspects of course content, course 
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delivery, suggestions for improvement, and ways the session could be complemented 
by training in their own workplace.  
 
 
9.3.4 Procedure (Courses A and B) 
 
Participants attended and completed the pre-course decision making 
questionnaire. The course programme was run as outlined above and, when complete, 
the post-course decision making questionnaire was distributed. The seven paired 
statements present on both the pre-course and post-course decision making 
questionnaires were intended to elicit participants’ baseline attitudes to (and 
subjective perception of their own knowledge of) aspects of clinical decision making, 
and to determine whether these changed as a result of the course. The additional 
Course Content Evaluation Questionnaire and Global Course Feedback Questionnaire 
were completed at the end of the formal proceedings. All questionnaires were 
collected once complete. Finally, certificates of attendance were distributed to 
participants.  
 
9.3.5 Data management and analysis 
 
Questionnaires were collected once complete. These included 
- Pre- and post- course decision making questionnaires 
- Course content evaluation questionnaires 
- Global course feedback questionnaires  
 
 
Data were input into SPSS databases for analysis. Descriptive statistics were 
calculated from participant demographic data. For the pre- and post course decision 
making questionnaires, t-tests were used to analyse the data. One-sample t-tests with a 
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test value of 4 (the neutral value indicating neither agreement nor disagreement) were 
used to look for significant agreement or disagreement with the statements on the 
questionnaires. To look for changes in responses before and after the course, paired 
sample/two sample t-tests were used as described in the results section.  
 
Descriptive statistics were used to describe results from the course content 
evaluation questionnaire (which contained skewed data due to ceiling effect, so 
medians were used rather than means as a measure of central tendency where 
appropriate) and the global course evaluation questionnaire. Free text responses were 
analysed qualitatively.  
 
 
 
9.4 Results 
 
Results presented here are from Courses A and B (2 groups receiving an 
identical session at the Royal College of Surgeons). First, demographic information is 
provided about the participants. Next, results from the pre- and post-session Decision 
Making Questionnaires are presented from the courses. Data from the two courses are 
pooled and presented together. Finally, additional feedback data from the Course 
Content Evaluation Questionnaire and the Global Course Feedback Questionnaire 
from are presented, with participants’ comments on the best aspects of the session, as 
well as suggestions for improvement. 
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9.4.1 Participants 
 
Participants in Courses A and B had a mean age of 29 (range 24 – 38), with a 
fairly junior spread of grades – 28% foundation year trainees, 48% senior house 
officers, 16% specialty trainees (ST1-3), 5% clinical fellows (non-training grade) and 
3% registrars. The large range of grades reflected the changing job descriptions by the 
time the RSC courses took place, with new (foundation and ST) grades existing 
alongside old (SHO and registrar) grades. The ratio of 84% males and 16% females 
was similar, based on demographic data provided on 58 out of 60 returned pre-course 
questionnaires. 56 post-course questionnaires and feedback forms were returned, with 
41 sets carrying sufficient identifying detail to be paired with the pre-course 
questionnaires from the same participant. Both courses contained a representative 
selection of surgeons of differing specialty interests, with general surgery the 
dominant group, but also including vascular, cardiothoracics, ENT, neurosurgery, 
orthopaedics, urology and plastics. These are summarized in table 9.3 below. 
 
Table 9.3 Specialty groups of participating surgeons in Course A and B  
Specialty % Courses A and B 
General surgery 44 
Orthopaedics 21 
Cardiothoracics 7 
Vascular 4 
ENT 7 
Neurosurgery 4 
Plastics 5 
Urology 2 
A&E/other 7 
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9.4.2 Course content evaluation questionnaire 
 
Participants indicated the extent to which learning objectives were met on an 
anchored Likert scale, ranging from 1 (not met) through 3 (partly met) to 5 (fully 
met).  
 
Course objective/ 
learning outcome 
number of 
respondents 
median/modal 
response 
mean response 
(range) 
standard 
deviation 
Course objective 1: Introduce 
definitions of judgment and decision 
making, and associated concepts 
31 
 
5 4.5* (3-5) 0.7 
Learning outcome: Raised awareness 
of judgment and decision making as 
aspects of surgical competence 
52 
 
5 4.4* (3-5) 0.8 
Learning outcome: A common 
vocabulary to describe the processes 
involved 
51 
 
5 4.3 (3-5) 0.8 
Course objective 2: Describe the 
qualitative differences between 
novice and expert decision making 
27 
 
5 4.4 (3-5) 0.6 
Learning outcome: Understand the 
progression from novice to expert 
decision making 
50 
 
5 4.4* (3-5) 0.8 
Learning outcome: Appreciate 
relevance of this progression for 
teaching and learning 
53 
 
5 4.3* (3-5) 0.8 
Course objective 3: Introduce 
relevant models of decision making, 
and common decision making biases 
27 
 
4 4.2 (3-5) 0.7 
Learning outcome: Understand 
principles of relevant models and 
approaches to decision making 
52 
 
4 4.2 (3-5) 0.7 
Learning outcome: Understand 
potential pitfalls in surgical decision 
making due to inherent human biases 
53 
 
4 4.2* (1-5) 0.9 
Course objective 4: Introduce a 
decision tool (PrOACT) for thinking 
through clinical decisions 
28 
 
4 4.1 (3-5) 0.8 
Learning outcome: Ability to use 
tool as a framework for critical 
thinking about real-life clinical 
decisions 
52 
 
4 4.2 
(3-5) 0.7 
Learning outcome: Ability to 
communicate the process 52 4 
4.3 
(3-5) 0.7 
 
Table 9.4 Feedback on accomplishment of course objectives/learning outcomes 
 
*Skewness >2 x SE so mode/median preferred as measures of central tendency 
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  Table 9.4 on the previous page shows the course objectives/learning outcomes 
in the first column, the number of respondents to each question in the second column, 
the median/modal response in the third column (identical in each case) the mean 
response with the range the fourth column, and the standard deviation in the final 
column. 
 
Twice as many respondents completed the questionnaire items for rating the 
extent to which each learning outcome had been met (mean n = 52) compared to the 
number completed items for rating the extent to which each course objective had been 
met (mean n = 28). This reflected confusion as to whether participants were intended 
to rate the learning objectives as well as learning outcomes, representing a design flaw 
in the feedback form. 
 
Some responses showed a negatively skewed distribution, presumably due to a 
ceiling effect, so median/modal responses are used as a measure of central tendency 
here. These were uniformly high, at 5 (fully met) or 4 (between partly met and fully 
met) for all course objectives and learning outcomes. These results represent a high 
degree of achievement of the aims of the course. 
 
9.4.3 Decision-making questionnaire 
 
The pre- and post course decision making questionnaires each contained eight 
statements, and participants were asked to indicate the extent to which they agreed or 
disagreed with each statement on a seven point anchored Likert scale ranging from 1 
(completely disagree) through 4 (neither agree nor disagree) to 7 (completely agree). 
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Seven out of eight of the statements on the pre-course questionnaire were replicated 
on the post-course questionnaire.  
 
The additional unpaired statement on the pre-course questionnaire was “I have 
previously received formal teaching about judgment and decision making”. From 
Courses A and B, the mean response to this statement was of 2.3 (2 = disagree) and 
was significantly different to the neutral test value of 4 (neither agree not disagree) on 
a one sample T-test: t (59 df) = -9.078, p <0.001. 
 
Not all participants provided sufficient identifying information on both the 
pre- and post-course decision making questionnaires to allow them to be matched. 
Analysis of changes could proceed either using all returned questionnaires and 
carrying out an independent samples T-test (with the advantage of larger numbers of 
datasets), or only using paired data, with a paired samples T-test (with the advantage 
of the additional information embedded in the matched pairs but a smaller number of 
datasets).  
 
Both analyses were conducted using the pooled data from Courses A and B, 
with the assumption that findings that were consistent across both analyses were 
likely to be robust. No formal statistical corrections for multiple analyses were carried 
out. Results are summarised in Table 9.5 on the following page, and discussed below. 
 
The first column in the table provides the text of the questionnaire item. The 
second and third columns indicate the mean pooled pre-course and post-course 
responses from participants on Courses A and B. These were tested for significant 
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Statement Pre-course Mean  Post-course Mean  
Change 
Unpaired/paired 
Judgment and decision making are important aspects of 
surgical expertise 6.8*** 
 
6.8*** 
 
 
ns/ns 
I practice evidence-based surgery 5.3***  4.7*** 
 
***/*** 
My judgment and decision making are above average for 
my grade/experience 4.3* 
 
4.4*** 
 
 
ns/ns 
I recognise the sources of uncertainty in clinical decisions 5.3*** 
 
5.7*** 
 
*/* 
I have a clear understanding of theoretical models of 
decision making 3.0*** 
 
5.0*** 
 
 
***/*** 
I can describe specific biases known to affect clinical 
decision making 3.8 ns 
 
5.3*** 
 
 
***/*** 
I can think through difficult decisions in a structured 
fashion 
5.2***  5.4*** 
 
ns/ns 
 
Table 9.5 Responses to paired items on pre- and post-course questionnaires 
* indicates significance to p<0.05 level. ** indicates significance to p<0.01 level. *** indicates significance to p<0.001 level. 
ns indicates not significant. 
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difference from the neutral value of 4 (neither agree nor disagree) using a one-sample 
t-test. The fourth column indicating whether the response had changed significantly 
with the training, via both analyses (unmatched data, independent samples t-test and 
paired data, paired samples t-test).  
 
Participants considered judgment and decision making to be important aspects 
of surgical expertise, with a mean pre-course response of 6.8 (7 = completely agree). 
This did not change significantly after the session. Significant pre-course agreement 
was shown with the statement “I practice evidence-based surgery”. After the course, 
significant agreement with this statement was still present, though the extent of the 
participants’ belief that they practice evidence-based surgery had significantly 
reduced – or possibly become more realistic. 
 
Participants exhibited overconfidence as indicated by significant mean 
agreement with the statement “My judgment and decision making are above average 
for my grade/experience”. This result was fed back to the groups in each case, but no 
de-biasing effect is seen, with pooled data from the two groups showing significant 
agreement with the statement on both pre- and post-course items.  
 
Participants agreed pre-course that they could identify the sources of 
uncertainty in clinical decisions. The degree of agreement increased post-course 
(p<0.05). Significant perceived increases in understanding of theoretical models of 
decision making, and in ability to described specific decision making biases, 
indicating that subjectively participants felt that they had learned about these two 
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topics. Participants agreed pre-course that they could think through decisions in a 
structured fashion, and their agreement did not increase after the session. 
 
An additional free text question on the pre-course form was present. 
Participants were asked to provide a difficult decision they had made in clinical 
practice, in order to provide some material for the small group exercise with the 
group; the majority in each course completed this question. Representative examples 
of the decisions given are provided in Appendix Q. 
 
The eighth statement on the post-course questionnaire was “The session was 
interesting and relevant to my clinical practice”. The mean value from Courses A and 
B was 5.7 (6 = agree), which was significantly more agreement than the neutral test 
value (4 = neither agree nor disagree): t (55 df) = 11.946, p<0.001 
 
9.4.4 Global course feedback questionnaire 
 
9.4.4.1 Global course ratings 
  In a global ratings questionnaire regarding the course, participants were asked 
to indicate their ratings of the course content, delivery, venue and organisation. 
Results were negatively skewed, with an identical median and modal value of 4 
(good) for each of the four aspects rated. 
 
9.4.4.2 Best aspects of course  content 
  Participants were asked four free text questions at the end of the course 
feedback form. The first of these was “Please describe the best aspects of the course 
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content.” From the responses, the course content appeared to be well received and 
“introduced an area which is generally not focussed on in surgical training”, which for 
at least one participant “covered aspects of surgical practice I hadn't considered 
before”, with another commenting they had been “made aware of the cognitive 
processes involved in decision making that we take for granted”.  
 
 One participant noted that the session “introduces probability to decision 
making” – a fundamental concept that I was surprised was not already intuitive, given 
that this was a cohort of practicing clinicians. A number of participants commented 
that they found the theoretical aspects interesting and valuable, especially the section 
on biases. One participant remarked on the “appropriate length of topics - not too in 
depth” and a many found the “good clinically relevant examples” helped with 
“relating the models and biases to clinical problems/situations”. 
 
  Participants enjoyed the interactivity, describing “a lot of interaction in a 
short space of time”, especially the small group discussion using the PrOACT 
approach (Keeney et al, 1999)(“less didactic and able to actually apply principles”), 
providing a “decision making framework. They also enjoyed receiving feedback from 
the pre-course task/questionnaire.  
 
9.4.4.3 Best aspects of course delivery   
The second free text question at the end of the feedback form asked 
participants to describe the best aspects of course delivery. Again, there was evidence 
the session had been well-received, and found to be “well focussed”, “concise”, with 
“short and punchy lectures” which were “easy to understand” with “difficult topics 
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explained well”. It was delivered with “good pace, good slides, nice interaction”. One 
participant remarked on the “very good synergy of speakers - clinical + theory” and 
another enjoyed our enthusiasm. Several noted that the session benefited by “audience 
participation”. 
 
9.4.4.4 Potential improvements to course  
The third free text question on the general course feedback questionnaire 
asked for suggestions as to potential improvements to the course. Eleven participants 
noted that they felt a longer session would be better, with several suggesting a full 
day. One felt there were “too many concepts to take in” in the allocated time, and 
others wanted time for “more interactive sessions”, “group application of principles”, 
and “small group discussion” as well as more detail on theoretical aspects. Eight 
requested that more time should be spent on clinical examples/scenarios, possibly 
using role-play. A participant suggested we should increase the “relevance to difficult 
on call decisions: when to CT, when to call the boss” – a valuable comment. An 
additional practical suggestion was to change the seating arrangement from rows of 
chairs to around tables, to set a less formal tone. 
 
9.4.4.5 Complementing course  with workplace training 
The final free-text question on the general course feedback questionnaire 
asked participants to indicate how the formal session could be complemented by 
locally delivered workplace teaching. Most responding participants felt that the 
session would “absolutely” be complemented by additional workplace-based training, 
with only one considering that the topic “should stay academic”. The most frequent 
suggestion was to encourage “consultants to explain their decisions” by “discussing 
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clinical cases as examples”. Such training could occur “in theatre, on the bedside, 
M&M meetings, around wards”. However, it was thought this “will be personality 
dependent”, with a feeling that “if the seniors that do the clinical teaching had been on 
this course, they would be a lot more aware of the importance of judgment and more 
willing to participate in such teaching”, with a suggestion of “involving senior 
members in this course” to “spread the word”.  
 
Others suggested a more formal workplace approach, such as “weekly 
discussions by junior and senior doctors re complicated decisions and outcome” in 
“meetings similar to M&M (morbidity and mortality) but less 
aggressive/argumentative”. Another felt it would be useful “to have included regular 
teaching in decision making (at least once every 3 months)” and one suggested that a 
“grand round session to raise awareness” could be valuable. Local clinical input 
would be helpful to one participant who felt the session offered “interesting theory” 
but was “not very translational” and had “come away interested but unsure what . . . . 
to do with it in clinical practice.” In addition to training at the level of the clinical 
team, some suggested courses at that were “trust based ….. to allow more people to 
participate, not only surgery”, or alternatively “at deanery level”, perhaps with the 
addition of “other online resources”.  Several participants commented on the session’s 
usefulness for “current interviews and new training”, and that it “fits well with current 
CBD (case-based discussion) assessments”. 
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9.5 Discussion  
 
This chapter has described the process of developing and piloting a course for 
trainee surgeons on judgment and decision making. With successive iterations of the 
content, the data collected demonstrate that, subjectively, participants consider the 
session increases their knowledge and understanding of judgment and decision 
making. They also find the session interesting, useful and well delivered. Most 
participants had not received prior training relating to judgment and decision making.  
 
It was interesting that participants’ perception of the extent to which they 
practice evidence-based surgery decreased as a result of the course. This may have 
reflected a greater recognition of the other influences on surgical decision making 
besides clinical evidence. The data showed significant perceived increases in 
understanding of theoretical models of decision making, and in ability to describe 
specific decision making biases after the course, indicating that subjectively 
participants felt that they had learned about these topics. It was interesting to note that 
the small degree of overconfidence from participants persisted after the session, and 
the demonstration used was not effective in terms of de-biasing. 
 
Participants arrived at the course already considering that they could think 
through clinical decisions in a structured fashion, and this did not increase after the 
session. Nonetheless, many commented on the usefulness and relevance of the 
“PrOACT” tool in the free text feedback.  
 
 248 
However, there is more work to be done to improve the formal component of 
such training as described here. Feedback derived from the two courses at the RCS 
suggests that expansion of the session with more clinical scenario-based work is 
warranted. Discussions with the Royal College of Surgeons’ Raven Department of 
Education are in progress as to whether this module should be expanded to cover 
additional essential topics (such as understanding patients’ preferences and integrating 
them collaboratively into clinical decisions, or the role of decision support in clinical 
surgery), and introduced into the postgraduate curriculum. Yet whether any learning 
on judgment and decision making decays or is reinforced over time is as yet unclear, 
and demonstrating transfer of learning to evidence of improved decision-making in 
the workplace remains a distant goal. 
 
We have created a training module on an unfamiliar (and in previous times, 
unpopular and somewhat threatening) topic and introduced it in pilot form into 
mainstream surgical training under the banner of England’s most important institution 
for the training and development of surgeons. This is a significant achievement, as not 
only is the content essential material for clinicians to understand, but it has also been 
overlooked previously, at least as a formal aspect of training. 
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Chapter 10: Discussion 
 
10.1 Introduction 
 
 This final chapter draws together the findings within the thesis and reflects on 
them, in the context both of the research itself, with its methodological strengths and 
weaknesses, and the wider clinical and educational environment in which they apply.  
 
 The discussion is divided into five sections. First, the key findings of the 
studies in the thesis are recapped. Next, some suggestions for future studies are 
suggested. Thirdly, the implications of the thesis for clinical practice are discussed, 
then its implication for surgical education and training. Finally, the thesis is 
completed with some concluding remarks. 
 
10.2 Summary of key findings 
 
 In this section the research findings are recapped and summarised. The first 
two introductory chapters of the thesis laid out the surgical rationale for undertaking 
the research, and provided a selective overview of the psychological background 
research relevant to surgical decision making and the thesis. From this basis, a 
literature review was undertaken and a series of empirical and experimental studies 
were conducted. In what follows, the research findings are summarised taking each of 
the empirical studies in turn, beginning with the literature review. 
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10.2.1 Key findings from the literature review 
 
 From the systematic review of the literature reported in Chapter 3, it was found that 
there were few articles that investigated surgical decision-making empirically and 
even fewer that were published in journals that are likely to be read by surgeons. This 
suggests that, although surgical decision-making is increasingly prominent in 
educational curricula for surgeons, it is a poorly researched surgical skill. However, 
amongst the studies identified, a variety of methods had been used, including 
interview, observational and experimental methods. 
 
 The most important consistent finding of the review was that variability in 
surgical decision making is widespread. For many years, studies have reported 
considerable variability between individual surgeons and groups. This raises concern 
as there is tension between variability and the concept of quality in decision making: 
consistency within and between experts is one of the defining features of expertise 
(Shanteau et al, 2004, Weiss & Shanteau 2003) so to what extent does variability 
indicate areas of poor performance?  
 
 It is self-evident that unless quality clinical evidence is available and known to 
surgeons in practice, then uncertainty about the best approaches will lead to “noisy 
results” with higher levels of variability in decision making seen between individual 
surgeons. Indeed is has been shown elsewhere that variability between surgeons 
decisions is greatest when there is legitimate discretion about the best course of action 
(McPherson et al, 1982): inadequate research results in “collective professional 
uncertainty”, and inadequate dissemination of research results in “individual 
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professional uncertainty”; in such examples, the beliefs of local opinion leaders may 
take over and mask this uncertainty (Sepucha et al, 2004).  
 
 In addition to general variability or “noise”, the review suggests that surgical 
decisions may be systematically affected by a number of non-clinical factors. Such 
factors include the surgeon’s specialty, their country/institution of practice, their age, 
and others. The non-clinical factors of interest may be broadly divided according to 
whether they are internal or external to the surgeon as described by Sevdalis & 
McCulloch (2006). Internal influences stem from the architecture and capacity of the 
human cognitive system which has its own internal limits. These apply to the limits in 
computational ability and working memory and the reliance on cognitive shortcuts 
(i.e., heuristics). These combine with external influences (such as time pressure or 
lack of sleep). However, these factors have received relatively little research attention. 
 
10.2.2 Key findings from the interview study 
 
 The interview study reported in Chapter 4 identified explicitly the decisions 
made in the course of routine care of patients, (using those with symptomatic 
gallstone disease as a clinical exemplar) and to map the process of care from the 
perspective of surgical decision-making. Eighteen key decisions were identified 
across the different phases of care for these patients (pre-, intra-, and post-operative) 
and across both elective treatment and emergency admission, which were 
demonstrated in the form of a “decision map”. The fact that so many decisions were 
identified by experts, in a relatively simple process of care validated the assumption 
that decision making forms an important and sizeable component of surgical 
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expertise, as well as providing a concrete clinical focus for the design of further 
studies. Putting a process of surgical decision-making into reliably observed concrete 
steps constituted a positive step towards being able to teach decision-making in a 
systematic, stepwise fashion.  
 
10.2.3 Key findings from the simulation study 
 
 Observing surgical decision making in a realistic simulated setting, as reported 
in Chapter 5, was a useful experience both in terms of the findings and for setting the 
future direction of the thesis. Eight surgeons took consent from an actor/patient for a 
laparoscopic cholecystectomy then undertook the operation on a virtual reality 
simulator within a realistic operating theatre setting, with appropriate team members 
present. The surgeon provided a think aloud commentary during the intra-operative 
phase.  
 
 Observing the process of taking consent yielded interesting insights into the 
way surgeons discuss operative risks with patients, and also into the way they 
conceptualise them too, in terms of use of verbal and numerical descriptors, and using 
an “anchor and adjust” strategy. 
 
 With respect to the intra-operative part of the simulation, it was clear that 
developing specific observable markers for key intra-operative decisions is feasible, 
which could be used for the formative assessment of trainees in a complementary way 
to generic observable markers such as those advocated suggested by researchers 
investigating training in surgical non-technical skills such as NOTTS (individual 
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surgeon focus) (Yule et al, 2006) and OTAS (surgical team focus) (Undre et al, 2007). 
The think aloud commentary was useful for analysing errors as it provided a 
contemporaneous rationale for the surgeons’ choices, without the unwanted influence 
of post-hoc rationalisation. This approach could conceivably be adapted as a training 
technique, with operative video footage/think aloud commentary being reviewed by 
surgical trainees with their trainers or assessed live in the real operating theatre. 
 
 However, intra-operative decision making was difficult to study in the 
simulated setting as it appeared from this pilot study that even the most sophisticated 
virtual reality simulators, in conjunction with a realistic operating theatre setup, whilst 
well validated in terms of technical and team-oriented/behavioural skills training, 
seemed to lack the necessary “cognitive fidelity” in terms of the subtle visual and 
tactile cue representation that surgeons rely on to guide their intra-operative decision 
making. For this reason, the use of simulators to study intra-operative decision 
making was not pursued within this thesis. 
 
10.2.4 Key findings from “conversion to open” judgment analysis studies 
 
 The studies reported in Chapters 6 and 7 used a judgment analysis task based 
on the risk judgment that surgeons must make of the likelihood of a laparoscopic 
cholecystectomy being converted to open (based on preoperative factors). Using a 
study design aimed to maximise the ecological validity of the task, the first 
experiment (Chapter 6) was intended to establish whether judgment analysis can 
usefully provide information about how well trainee surgeons perform at a task 
involving estimation of surgical risk. This study demonstrated that judgment analysis 
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methodology can be applied usefully to derive quantitative objective models of 
trainee surgeons’ judgments of risk. Performance was also defined by how surgeons’ 
judgments compared with those derived from a gold standard model based on 
epidemiological data. 
 
 The second experiment, using the same task, was intended to identify whether 
performance at a surgical judgment task is related to the level of the surgeon’s 
expertise, as approximated by their experience level – in other words (in terms 
familiar to surgeons investigating surgical technical/motor skills), does the technique 
exhibit construct and face validity? The task/method was found to show construct 
validity across a variety of performance parameters, including test-retest reliability 
and accuracy of judgments with respect to literature-based gold standard predictions – 
the performance of groups of participants of differing expertise levels was 
distinguishable according to these parameters. This result carries the implication that 
judgment analysis is potentially usable as an assessment method for surgeons in terms 
of evaluating their expertise at judging surgical risks.  
 
 Interestingly, even the most accurate group of participants (consultants) placed 
excess weight on the cue “previous surgery” and insufficient on the cue “biliary 
history” as revealed by the regression models derived from their judgments, in a 
pattern similar to their more junior counterparts, yet this did not seem to prevent them 
from achieving greater accuracy in their estimates of the risk of conversion to open. 
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10.2.5 Key findings from judgment analysis/cognitive feedback study 
 
 The third chapter using judgment analysis methodology employed the use of 
“cognitive feedback”, to see whether this method can facilitate training of the ability 
to estimate risk. Performance improved with the provision of feedback in the medical 
student group (though not in the trainee surgeon group, perhaps due to a ceiling 
effect). After receiving feedback, almost all the participants were able to order the 
cues when asked explicitly, but this was not matched by correct cue weighting as 
revealed by judgment analysis. 
 
 An important aspect and potential limitation of our findings is the lack of 
improvement in accuracy in the surgical group (although improvement was obtained 
in reliability). One explanation is that this group exhibited a ceiling effect: their pre-
feedback correlations with the gold standard were too high to allow further 
improvement – though a relatively large margin of error remained (mean absolute 
error of 15%). Another explanation is that the operationalisation of feedback that we 
used was not powerful or sensitive enough to impact on more expert participants’ 
thinking processes – although it worked well for the less expert medical students. 
Although this can be seen as a limitation of the study, we think that it is essentially 
one of the core aspects of designing a cognitive feedback intervention.  
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10.2.6 Key findings from course development study 
 
This chapter described the development and evaluation of a novel educational 
module for trainee surgeons, to enhance their understanding of the important issues in 
surgical decision making within their clinical practice, current and future. The process 
culminated in a pilot of the training session held at the Royal College of Surgeons, 
and attended by over sixty junior surgical trainees. This was the first time many of the 
participants had been challenged to think critically about their own clinical decision 
making, and was found to be valuable by participants. The course was successful, as 
measured by participant feedback, both in terms of their enthusiasm for the course and 
the extent to which the course objectives were met. 
 
Whilst formal courses such as this may have their place in terms of providing 
a focussed period in which to introduce ideas and theoretical concepts, by its very 
situation outside the workplace it is likely to fall, in Roger’s (1969) classification, into 
the “cognitive” category of learning, and be less meaningful than “experiential” 
learning that can be achieved in the workplace, and possibly also through simulation. 
The extent and nature of such a session’s impact on participants’ judgment and 
decision making when they return to work is hard to estimate, and would be even 
more difficult to measure. Still, it is conceivable that it may “prime” them with 
sufficient interest and conceptual understanding to make better use of the 
opportunities for developing their judgment and decision making skills at work.  
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10.3 Suggestions for future studies 
  
 In this section, firstly some suggestions are made as to how the particular 
strand of work developed within the thesis may be taken forward; a second sub-
section offers some suggestions as to how the study of surgical decision making as a 
broader entity may be developed. 
 
10.3.1 Developments from this thesis 
 
 This thesis describes some qualitative, and some quantitative, studies. Whilst 
the qualitative data, by its interpretative nature, is not suitable for reanalysis, it may be 
useful for informing future studies. For example, the practice at developing 
observable markers for intra-operative decisions in a simulated environment, together 
with experience of collecting and interpreting think-aloud data, would be invaluable 
in the design of similar studies in the real operating theatre, and having already 
attempted a “dry run”, would make it easier to identify and address any ethical issues 
that could arise in conducting such studies. 
 
 With respect to the quantitative data from the judgment analysis studies, not 
all potential analyses were undertaken in the thesis. For example, Weiss and Shanteau 
have developed a measure of expertise (CWS model) (Shanteau et al, 2003, Weiss et 
al 2006) intended for evaluating expertise in the absence of a criterion standard. The 
measure is a function of the individual’s reliability in their judgments, as well as 
ability to discriminate between cases with differing risk factors. Whilst attractive, (as 
it utilised two accepted measures of expertise) a potential flaw is that a judge could 
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score highly according to CWS by reliable judgments that discriminate between cases, 
but following an erroneous rule. A dataset such as that collected for Chapters 6 and 7 
could be used to test the CWS model against gold-standard based performance 
indicators to see if this is a valid concern in practice; in this way, the data collected for 
the thesis may usefully contribute to the psychological literature as well as the 
surgical literature which was the primary intention.  
 
10.3.2 Developments in the field of surgical decision making 
 
 The research agenda in this field will involve further adaptation of existing 
methodologies that have been applied in other expert domains, and ideally should 
systematically tackle both the external and the internal influences on surgical 
decisions. Both experimental and observational designs may also be used to identify 
and promote the useful, adaptive heuristic strategies that experienced surgeons use 
with great efficiency, and understand the development of the ability to apply such 
strategies safely with developing expertise. Research should aim to demonstrate how 
surgeons reason about risk and uncertainty; how clinical and non-clinical cues are 
combined; how, when and why they seek information or advice; and how they weight 
their own as well as the surgical patient’s preferences in order to arrive at a decision. 
Experimental designs may be most effective for delineating the internal influences - 
for example identifying which decision-making biases surgeons are susceptible to, 
and their relative importance in determining patient safety and the quality of care, 
whereas the impact of external influences such as the role of contextual factors may 
require different methodological approaches such as observation.  
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 A potential problem with a wider utilisation of judgment analysis in surgical 
research and training is the lack of available gold standards. In the studies presented 
our choice of gold standard model was dictated by the need for an outcomes-derived 
scoring system or table of values to generate a gold standard prediction for each case. 
However, single absolute gold standards have not been widely agreed for either of the 
clinical circumstances which were used in the thesis to develop the judgment analysis 
tasks (risk of conversion of laparoscopic cholecystectomy and risk of mortality when 
undergoing major surgery). Indeed, such agreement may be entirely inappropriate, as 
there is evidence to suggest that influences on outcome may in fact be relatively local, 
and should not be generalised across settings or countries (Rakow et al, 2005). This 
further reinforces the need for more outcomes research, on local, as well as national 
and international, levels. However, such work tends to be less favoured (or well 
funded) by the clinical community who tend to regard the multicentre randomised 
controlled trial as the most valuable approach. 
 
10.4 Clinical implications of the thesis 
 
 A thesis such as this raises more questions than it provides answers. One 
important question that kept surfacing arose as a result of some of the “poor” 
performance of surgeons at estimating risk was one of expectation; how accurate 
“should” a clinician – for example the person taking consent from a patient for an 
operation – be in terms of their ability to estimate operative risk? Clearly an 
expectation of perfect accuracy under conditions of uncertainty in unreasonable; yet 
gross inaccuracy is not conducive to patients being able to participate in clinical 
decisions in an informed fashion. If standard-setting for accuracy was possible, then it 
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would be feasible to identify which areas of surgical risk estimation are amenable to 
sufficiently accurate human judgment, and also to identify which areas may benefit 
from the introduction of computerised decision support for actuarial judgments.  
 
 Variability in surgical practice may be addressed by developing a clearer 
conceptual understanding of what constitutes decision quality. One definition that has 
been advanced is the extent to which a clinical decision is informed by knowledge and 
based on personal values – ie using clinical evidence but focussing on the values and 
preferences on the individual patient. Valid measures for decision quality must be 
developed – for example the International Patient Decision Aids Standards 
Collaboration has used measures such as knowledge about options and outcomes, 
realistic perceptions of outcome probabilities, and agreement between patients’ values 
and choice. Yet at present "our current system of healthcare financing rewards the 
quantity of procedures, not the quality of decision making." (Wennburg, 2005) Unless 
decision quality is measured, recognised and incentivised, the situation is unlikely to 
improve. Better understanding of the decision-making processes involved in surgery 
will help to render more explicit the processes of surgical care, so that they can be 
empirically assessed for their quality and safety. 
 
10.5 Implications for education and training 
 
 The work described in this thesis has important implications for the training of 
junior surgeons. As discussed above, modern surgical training curricula are moving 
away from the expectation that surgical trainees will learn how to make sound 
surgical decisions by osmosis and unstructured observation of their more senior peers. 
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Judgment (the pre-decisional process that is linked to action by decision making) is 
now formally included in training curricula, as are other cognitive and team-working 
skills. Yet the details of how such training may be delivered, however, has yet to be 
fully elucidated and is bound to have limited effect if it is not based on sound 
empirical evidence as to how, in fact, surgeons make decisions.  
 
 As the judgment analysis studies demonstrated, correlations between some 
trainee surgeons’ judgments and the risk estimates derived from the gold standard 
model were very poor. Taken together with the large individual variation discussed 
above, it appears that there is a pressing need for junior surgeons to get better at 
understanding and estimating operative risks. The trainee surgeons that were included 
in the intermediate group in the first judgment analysis study have already reached a 
point in their careers at which they have responsibility for taking consent from 
patients for procedures such as laparoscopic cholecystectomy. Use of inappropriate 
cues, or using appropriate cues inconsistently suggests a problem with deriving 
individualised risk estimates for prospective surgical patients. This problem impacts 
on obtaining truly informed consent and helping patients plan their hospital stay. 
More importantly, technical difficulty (ie the possibility of conversion) should be 
anticipated where possible, to ensure that a more senior surgeon performs or 
supervises the more difficult cases. 
 
 Taking a wider perspective, if trainee surgeons experience difficulty with 
estimating individualised risks associated with this common procedure, they may 
experience similar difficulties with estimating other surgical risks such as operative 
complications and mortality. Seen from this perspective, judgment analysis may be a 
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useful tool for training, as it identifies where the problems lie for trainees in 
synthesising the relevant information to produce accurate estimates of surgical risks. 
 
  
 The feedback technique that we piloted was evidently appropriate for the level 
of thinking of a medical student, but perhaps too easy or not easily applicable to the 
thinking of a junior surgeon. Establishing the level of an intervention depending on 
the target audience is a key step in the development of interventions that enhance 
surgical cognitive skills. Again, this seems analogous to technical skills training, 
which is most effective in the earlier part of the learning curve, with more complex 
tasks required to offer challenge to experienced participants. Whereas there is a 
substantial evidence base for surgical motor skill and simulator difficulty, such 
evidence is completely lacking for surgical decision-making. Seen from this 
perspective, this study is lays the ground for systematic training needs analysis for 
surgeons’ cognitive competences. More research is required delineate the appropriate 
content and difficulty level of tools designed to improve decision-making at different 
levels of surgical expertise.  
 
 Interestingly, the development of reliability in risk estimation seemed to 
appear in more inexperienced participants; whilst accuracy of judgments occurred at a 
later stage of surgical training. One explanation is that the learning curve for 
estimating surgical risks consisted of two components: first formulating an implicit 
cognitive rule as to which risk factors are relevant and how to combine them, with 
that rule being refined and made more accurate at a later stage in the “cognitive 
development” of a surgeon. 
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  In addition, explicit learning of risk factors (being able to list them in order) 
as must typically be demonstrated in clinical examinations, does not necessarily result 
in the ability to use that information to make better judgments. The ability of 
participants in both groups to correctly rank order the cues after the feedback 
demonstrated that, whilst they were able to explicitly understand and repeat the cues 
in order of importance, they were unable to incorporate this information on an implicit 
level into their risk judgments after the feedback. This suggests that when assessing 
trainee surgeons’ appreciation of risk factors in a given clinical situation, simply 
asking them in an oral or written examination format is inadequate, as it cannot asses 
whether they are able to integrate this knowledge appropriately into judgments of risk, 
which requires a deeper level of learning. In other words, where assessment is 
concerned, testing knowledge is not a good enough proxy for testing judgment. 
Creativity in establishing novel ways to test surgeons’ abilities to judge risk and make 
appropriate decisions will be required if professional examinations are to reflect more 
closely the actual cognitive skills required of surgeons. 
 
 Participants were unable to exhibit cognitive control over the level of 
influence each variable had on their judgments (beta weights of cues) Yet is it a 
realistic expectation that they should be able to exhibit such control? This lack of 
control may have been a function of the lack of space for learning within the 
judgment analysis task used in the feedback study; the design only contained relevant 
variables – had it included some non-relevant variables, may have been able to induce 
a demonstrable change in cue use if inappropriate cues were in fact being used if 
available.  
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 Another interesting question is to determine which aspects of the feedback 
accounted for the improvement in the achievement performance of the medical 
student group. It is plausible that it was simply the provision of anchors which 
improved their ability to estimate the risks – a possibility that could be investigated 
empirically – and if true, could represent an extremely simple avenue for helping 
trainee surgeons to improve their ability to estimate a variety of surgical risks. 
 
 My own attempts to date fill this current gap in the training have been well 
received – trainee surgeons recognize good judgment and decision making as 
essential for expertise, and are keen to improve their own. In my view, training should 
be offered to trainee surgeons on reasoning about risk in the presence of uncertainty 
(as well as effective communication of risk information to patients). Reflection should 
be encouraged on how as clinicians we combine both clinical and appropriate non-
clinical information, taking into account the patients’ preferences to arrive at 
treatment decisions.  
 
 Further work is required as to how the surgical workplace may be 
utilised and optimised in learning terms for surgical judgment and decision making. 
The breadth and enthusiasm for work-place based interventions based on the feedback 
data collected suggests tremendous scope for such work. Background work in other 
professional areas on workplace learning is likely to offer useful conceptual 
frameworks and practical approaches that have been used in different working 
environments. The challenge will be in adapting and developing approaches that not 
only have a measurable impact on trainee (and consultant?) surgeons’ judgment and 
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decision making skills, but are also practical outside the research context in terms of 
available faculty, time and equipment. 
 
10.6 Concluding remarks 
 
  Judgment and decision making will continue to be essential clinical 
competencies as we move towards an era of evidence-based medicine. In undertaking 
this thesis, various aspects of surgical decision making have been explored, with a 
particular focus on quantitative modelling of surgical judgments of risk, using 
judgment analysis methodology. Hopefully the work commenced within this thesis 
will form the starting point for a larger body of work exploring surgical decision 
making in different settings, including in the operating theatre. 
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Appendix A: Interview Schedule 
 
 
Interview with surgeons 
 
 
Pre/post operatively: 
 
1. What decisions do you make in the outpatients department during a 
consultation with a patient whose symptoms you think may be related to 
gallstones? Have you developed “rules of thumb” you go by? 
 
2. What decisions do you have to make in A&E when seeing a patient whose 
symptoms you think may be related to gallstones? 
 
3. What decisions do you have to make on the wards preoperatively regarding a 
patient whose symptoms you think may be related to gallstones? 
 
4. What decisions do you have to make on the wards postoperatively regarding a 
patient who has undergone a laparoscopic cholecystectomy? 
 
In the operating theatre: 
 
5. Here is a set of procedural instructions for a laparoscopic cholecystectomy 
(Appendix B). Working through the list of steps as a framework, where are the 
points at which you may need to make a decision? Have you developed “rules 
of thumb” you go by? 
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Appendix B: Procedural instructions for laparoscopic cholecystectomy 
 
Procedure        Decision points       Cues   
      
 
Setup 
 
 
Access+creation of pneumoperitoneum 
 
 
Assessment: general laparoscopy 
   
  Feasibility of lap chole 
 
 
Dissection of Calot’s Triangle 
 
 
 
 
 
(Peroperative Cholangiogram) 
 
 
 
Identify and clip cystic artery/duct 
 
 
 
Dissection of gallbladder off liver bed 
 
 
 
Extraction of gallbladder 
 
 
 
Final Check 
 
 
 
Closure +/- drains 
 
 
 
Postoperative 
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Appendix C: Instructions for coding of interview transcripts 
 
For each transcript, go through the following set of instructions. Consider each 
transcript separately. 
 
1) Highlight in pink each section of text in which a decision to be made is explicitly 
identified. For each interview transcript, these should be labelled in order (D1, D2, 
. . .Dn). Identify a decision wherever: 
– It is explicitly stated – “the decision is” 
– A choice between two courses of action is discussed – “whether to do x or y 
– Any statement beginning with “whether to”, “when to”, “which way to do” 
etc 
– If they say “I consider x” or “I may do x” (implying instead they may do y)  
 
2) Highlight in yellow each word or phrase which identifies a cue to be utilised in 
each decision. Again, label them in order as they appear in the transcript (C1, C2, . 
. .Cn) 
– Often these appear in lists 
– May be prefixed by “whether the patient has”, “depends on”, “you’re looking 
for” etc 
 
3) Highlight in green each explicit/implicit probability judgment (PJ) and label them 
(P1, P2, . . .Pn) and handwrite explicit or implicit 
– Explicit: use of terms such as “probability”, “risk”, “balance up x and y” 
– Implicit: “if I am convinced of x”, “if there is a good enough story” 
 
4) Highlight in blue each explicit decision rule/heuristic (R1, R2, . . .Rn) 
– Key phrases: “My default option is x”, “If . . .then”, “Usually x unless y”
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Appendix D: Task design for Judgment Analysis (conversion) study 
 
Cue selection 
 
 
 
One fundamental aspect of task design was deciding upon which specific cues 
to incorporate into the study design. It was important to consider for inclusion all cues 
that participants could consider to be relevant to the judgment task. Two main 
approaches were taken to identifying the cues to be utilised in the study. Firstly, it was 
necessary to ensure that all cues deemed clinically relevant were incorporated. This 
was informed by information from the interview study in Chapter 4 and in addition by 
a search of the published literature to identify any additional clinical factors that may 
affect probability of conversion. Secondly, some inpatient admission notes from 
Northwick Park hospital and some clinic letters from St Mary’s Hospital were 
scrutinised to identify which cues are normally available from the documentation to 
be used as materials for the study. 
 
It was clear from the interview study that a number of factors influence the 
likelihood of conversion to open, and that some were considered more important than 
others. The most notable factor was the presence of current acute cholecystitis (“hot 
gallbladder”) – with a window of opportunity of acceptable risk for operating within 
48 hours of onset of symptoms due to progression of inflammation and development 
of adhesions. Other factors included previous abdominal surgery (in particular to the 
upper abdomen or in the context of intra-abdominal sepsis/peritonitis), and previous 
complications of gallstones. Some factors, such as obesity and degree of co-
morbidity, were considered relevant but the size and direction of influence was less 
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clear. Anecdotally it has been reported that there are more operative technical 
difficulties in male patients. 
 
Clinical variables considered in the literature included clinical presentation 
(including “acuteness”), previous surgery (lower or upper abdominal), obesity, co-
morbid conditions (especially respiratory and cardiac) and presence of liver cirrhosis. 
This last one was excluded as it applies to a small atypical group of patients. There is 
also a drive towards performance of laparoscopic cholecystectomy as a day surgical 
procedure on selected patients, which was noted. A recent review by Tang & 
Cuschieri (2006) was particularly useful. A separate Medline search was conducted to 
identify articles in English using statistical regression methods to develop models of 
preoperative risk factors for conversion, identifying which are independent predictors.  
 
Clinic letters and inpatient clerkings were also scrutinized to identify which 
information should be included.  The header of any clinic letter contains the following 
basic information: hospital reference number, address of GP, name, date of birth and 
address of patient. The text of the letter varies in length and content. An opening 
statement usually states the age, sex and sometimes ethnic background of the patient. 
The history of the clinical problem in question is outlined, together with any relevant 
test results. Past medical history is summarized, sometimes including a drug/allergy 
history, and the findings on clinical examination are included. Finally, the decision 
regarding the plan for clinical management of the patient is stated. The name, 
qualifications and seniority of the clinician are recorded below the space for a 
signature.  
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 Inpatient clerkings contain similar information, but more detail is provided. 
For example, blood test results are usually listed out in full, a more thorough history is 
documented, and subsequent pages show how the clinical story unfolds. For the 
purposes of this study, it was decided that any additional information in the inpatient 
notes of the “acute” cases that was not available in the format of the clinic letter for 
the other cases should be fixed to be consistent with the other clinical features. 
Of all the cues available, the following were selected for relevance (actual or 
perceived) and presence on the documentation: Age, Sex, Race, History of biliary 
problems, Previous surgery, Extent of co-morbidity and Obesity. 
 
There were two main considerations relating to how to utilise these cues in an 
orthogonal study design (ie assuming each is uncorrelated to each other) with cases 
generated by random combinations of the cues. Firstly, any strongly correlated cues 
had to be recognised, and secondly care needed to be taken that the resultant case mix 
a) did not contain any implausible cases and b) was representative enough of the 
patient population that the subjects usually work with.  This was achieved by a 
combination of manipulating cue combinations and levels of each cue as outlined in 
detail below. An overview of the cues and their levels in the final analysis is provided 
in the figure on the following page. 
 
296 
 
 
 Co-morbidity was to be represented by a statement corresponding to an ASA 
grade (American Society of Anaesthesiologists grading system for assessing peri-
operative anaesthetic risk, which allows patients to be ranked as follows: 
 
I. Completely fit and healthy 
II. Some illness but no effect on normal daily activity 
III. Symptomatic illness but minimal restriction on life 
IV. Symptomatic illness causing severe restriction on life 
V. Moribund 
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Only grades I-III were used for this study, as laparoscopic cholecystectomy is 
rarely performed on patients who are more unwell than grade III. For ASA grade I, 
the statement “The patient is otherwise fit and well” was incorporated. For ASA 
grades II and III, one of six statements for each grade was selected at random: of 
these, one third were respiratory, one third cardiovascular and one third “other”.  
 
Most of the cues could be treated as uncorrelated, as there was no strong 
plausible physiological explanation for any covariation. However, two were clearly 
correlated – age and comorbidity. (ref London demographics website). To treat them 
as orthogonal would not only have resulted in a peculiar case mix of hypothetical 
patients containing an excess of life-threateningly ill youngsters and sprightly healthy 
elderly people, but also would have weakened any derived models. In order to 
manage this problem, these age and comorbidity were collapsed into one single cue. 
Age was divided into 3 bands, and was matched with appropriate ASA scores. 
Therefore the youngest age group (26-45) were ASA I or II, the middle band (46-65) 
could be ASA I, II or III, and the elderly group (66-85) could be ASA II or III. ASA 
IV and V were excluded as such patients would usually not be operated on for this 
condition. This gave a total of 7 levels of this “Age/ASA” cue. The system outlined 
created a plausible and realistic case mix, and had the added advantage of skewing the 
age distribution of the hypothetical case towards the middle, which is in keeping with 
the usual distribution of patients undergoing this procedure.  
 
Previous biliary history was combined with acuteness of presentation, giving a 
single cue with five levels for the purposes of design: history of biliary colic (either as 
an outpatient or inpatient), history of previous inpatient admission with cholecystitis/ 
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gallstone pancreatitis, current acute cholecystitis without markers of severe 
inflammation or current acute cholecystitis with markers of severe inflammation. This 
manipulation again gave a roughly approximately appropriate case mix, especially 
with regard to the acute/elective mix. Four each of the first three design conditions, 
information was presented in the form of a clinic letter, but for the acute cases, it was 
presented as an inpatient clerking, so mode of information presentation was also tied 
to this cue. For the purposes of analysis, the patients with a history of biliary colic 
were treated as one group, regardless of whether inpatient or outpatient management. 
This made for coherent grading of the histories in terms of sequential increasing in 
likelihood of conversion with each level. Biliary colic (inpatient or outpatient) is not 
associated with inflammation of the structures to be operated on, and has the lowest 
risk of conversion. Previous cholecystitis or pancreatitis are associated with previous 
inflammation that has resolved, and represent a slightly more likely group to be 
converted. Patients with current acute cholecystitis (mild) are at slightly higher risk 
again, and those with current severe acute cholecystitis are at the highest risk with 
respect to this cue.  
 
London has a multiethnic population, so this was reflected in the cases given. 
In addition, race is more often mentioned explicitly in clinic letters for non-Caucasian 
patients. 4 groups were selected for the design: “unspecified, presumed Caucasian”, 
“Specified Caucasian”, “Specified Asian” and “Specified African/Afrocaribbean”. 
This again helped to add realism to the documentation, and give an appropriate case 
mix. In the analysis, these were collapsed to 2 groups – Caucasian and non Caucasian. 
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Number of cases 
 
 There are three main aspects determining the number of cases required for a 
study of this nature. Firstly, the number of cues in the analysis is important. Once this 
has been decided, the number of hypothetical cases to generate must be established. 
Cooksey recommends a minimum ratio of 5 cases per cue as a minimum. Other 
authors have argued for 10 for employing multiple regression techniques (Hair et al, 
1992). The balance that must be struck in designing studies of this type is between 
adequate numbers of hypothetical cases to allow robust statistical modelling, and 
generating such a long task that boredom or fatigue on the part of the participants 
either affects their policy or makes recruitment of subjects too difficult. In addition to 
the design cases for policy modelling, consideration must be given to the number of 
repeat cases required for test-retest reliability. Thirdly, inclusion of hold-out cases for 
verification of policy models should be considered.  
 
A full factorial design, in which every possible combination of cue levels is 
judged, would have involved an excessive number of cases (>4000). It was Pre-
testing determined that each case would take participants up to 1 minute to judge. 
According to Cooksey’s minimum of 5 per cue, 30 randomly generated cases would 
be adequate. However, in view of the hierarchical nature of some of the cues 
(age/comorbidity) that would introduce additional noise into the data, the more 
conservative minimum of 10 cases per cue was selected. 
 
To determine the number of repeat cases to include to determine test-retest 
reliability, it was noted that multiple correlations in the range of 0.7-0.9 are frequently 
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encountered in JA research. An online statistical calculator (at 
http://home.clara.net/sisa/correl.htm) was used to determine the required number of 
repeat cases required, assuming correlations of 0.7, with a power of 0.8 to a 
significance of 0.05. A minimum number of 13 repeat cases was indicated. This falls 
within the range of 10-20 suggested in Cooksey’s handbook. A conservative approach 
with 20 repeats was adopted. 
 
Generating the design and repeat cases 
 
SPSS was used to generate an orthogonal design (ie an uncorrelated set of 
combinations of cues. It provided options of either 49 or 64 cases. The larger design 
was chosen to exceed the conservative minimum number of cases (10 per cue x 6 cues 
= minimum 60 cases). All variables were cross-correlated to all other variables to 
ensure the design was truly orthogonal, and that no inadvertent inter-cue correlations 
had been introduced by chance 
 
To identify which cases to use as repeats, an online generator of random sequences 
(http://www.random.org/) was used to produce a list of 20 random numbers between 1 
and 64. These 20 cases were selected for repetition. A second series of random 
numbers were generated to determine at what position these cases should be randomly 
reinserted into the set of design cases. 
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Preparation of case materials 
 
Patient names were derived using surnames on the bottom right hand corner of 
successive pages of a London phone book paired with appropriate first names. Dates 
of birth were specified randomly within the age range of the patient.  
 
For each level of each cue, appropriate statements that could be slotted 
together to form a coherent clinic letter/clerking were specified and allocated. Verbal 
quantifiers relating to risk information were avoided. Each letter was concluded with 
a statement that “the pros and cons of surgery had been discussed with the patient”, 
and they had been “placed on the waiting list for an inpatient laparoscopic 
cholecystectomy”. Cues present in a typical clinic letter but not utilised for the study 
were either fixed (name/status of surgeon), randomized but excluded from analysis as 
irrelevant (GP details) or linked to an appropriate variable in a fixed manner (eg drug 
history fixed appropriately to comorbidity). Inpatient clerkings were concluded with a 
note from the consultant ward round summarising findings and stating that the patient 
had been booked for theatre that afternoon. In this way, a full set of 84 cases were 
developed. Examples are provided in Appendix E. 
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Appendix E: Example cases  
 
 
SURGICAL UNIT 
 
JJ/kw/M6087523 
 
Dr J Higgins 
Parkside Surgery  
Woodberry Grove 
LONDON 
W5 4DT 
 
 
Dear Dr Higgins, 
 
SARAH JONES 30/04/59 
32 MICAWBER COURT 
 
Thankyou for referring this 46 year old woman. She has a three month history of 
episodes of colicky right upper quadrant pain after meals. Her symptoms are typical 
of biliary colic. I note that a recent ultrasound scan showed multiple gallstones with 
an otherwise normal biliary tree. She has no history of jaundice, and routine bloods 
including liver function tests are normal. 
 
She is otherwise fit and well. She has not had any previous surgery. 
 
Abdominal examination was unremarkable. 
 
We have discussed the benefits and risks of surgery and I have placed her on the 
waiting list for a laparoscopic cholecystectomy. 
 
Yours sincerely, 
 
 
 
 
MR J JONES MD FRCS 
CONSULTANT SURGEON 
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SURGICAL UNIT 
 
JJ/kw/M6087546 
 
Dr K Cooper 
Healthfield Health Centre 
Preston Rd 
LONDON 
W4 7BY 
 
 
Dear Dr Cooper,  
 
DAMON PAINTING  23/12/1944 
78 FONTHILL RD 
 
I reviewed this 59 year old man in clinic today. He was recently admitted under my 
care with an episode of acute cholecystitis. The diagnosis was confirmed on 
ultrasound scan, which showed multiple gallstones and signs of inflammation. 
Routine bloods including liver function tests are now all normal. 
 
He is otherwise fit and well. He has previously had a laparotomy for a bleeding 
duodenal ulcer. 
 
On examination, he has a normal body habitus. Abdominal examination was 
unremarkable except for a midline laparotomy scar. 
 
We have discussed the benefits and risks of surgery and I have placed him on the 
waiting list for a laparoscopic cholecystectomy. 
 
Yours sincerely, 
 
 
 
 
MR J JONES MD FRCS 
CONSULTANT SURGEON 
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Appendix F: Participant Consent Form and Demographic Questionnaire 
 
 
Participant consent form for Laparoscopic Cholecystectomy  
conversion judgment study 
 
 
Details of study: 
- The aim of this study is to understand what items of information are taken 
into account when taking a particular clinical judgment, and to try to 
understand how expertise at clinical judgment develops with experience. 
- You will be asked to provide a series of judgments based on hypothetical 
patient case material. The process takes 45 minutes to 1 hour. Detailed task 
instructions will be provided shortly. 
- In addition you will be asked some simple demographic questions, as well as 
to complete 2 forms describing which items of information you consider 
relevant, and a brief feedback questionnaire on completion. 
- Participation is voluntary, and you can choose to stop the task if you wish to 
do so. 
- Data will be stored anonymously, with a participant number as the identifier. 
This number will be given to you. All individual data are confidential. 
 
If you would like feedback on your personal performance, this will be available in due 
course by emailing r.jacklin@imperial.ac.uk quoting your participant number 
 
 
 
 
 
 
 
 
I consent to participate. 
 
 
Name ……………………..…… Signed …………………… Date …………… 
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Demographic questionnaire 
 
 
Surgeon Code: 
 
Age: 
 
Sex: 
 
Seniority: 
 
Years at that seniority: 
 
Subspecialty (if applicable): 
 
Approx number of laparoscopic  
cholecystectomies performed as first operator: 
 
Number assisted: 
 
Total number seen: 
 
Number of conversions seen: 
 
Reasons: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task start time: 
 
Task completion time: 
 
Time spent on task: 
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Appendix G: Judgment Analysis Feedback Questionnaire 
 
Please indicate whether you agree with each statement below by circling the appropriate number from 
1 (strongly agree) to 6 (strongly disagree). If you do not know or feel the statement is not applicable, 
please mark the appropriate box instead. 
 
 
Strongly                                                       Strongly  
Agree                                                           Disagree               
Don’t 
Know 
 
N/A 
I make similar judgments to this 
when consenting patients for 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I quote a percentage chance of 
conversion to open to the 
patient when I take consent for 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
The documentation provided to 
me in this task contained 
sufficient information to make 
the judgments 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would normally consider 
additional information when 
making such judgments which 
was not available to me during 
this experimental task   
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
(If so please specify:) 
 
The documentation provided to 
me in this task was realistic 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
The case mix of patients in the 
task was representative 
of patients undergoing 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
Cases that are more likely to 
result in conversion to open 
should be performed by more 
senior clinicians 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I am confident my predictions 
were accurate 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
 
I enjoyed the task 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
 
I found the task boring 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be interested to receive 
individual feedback on my 
results 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be interested to see how 
my results compare to groups of 
differing expertise 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I feel anxious that if my 
personal results my results were 
made public it could adversely 
affect my career 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be willing to participate 
in other similar studies 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
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Appendix H: Supplementary data on achievement (Chapter 7) 
 
 Three measures of achievement were analysed for performance on the 
judgement analysis task: correlation between each individual’s judgements and the 
estimates derived from the gold standard (transformed to z scores), the mean square 
error (MSE) and mean absolute error (MAE). Data for the achievement measures 
were not normally distributed, so non-parametric tests were used for statistical 
analysis – Kruskal Wallis across the three groups (newly qualified, SHO and 
consultant), and Mann Witney U test for comparison between pairs of groups. 
 
 With respect to correlation to the gold standard estimates, there was an overall 
significant increase in correlation as seniority increased (p < 0.001). As is apparent 
from the boxplot in Figure H1 overleaf, the significant increase occurred between the 
newly qualified and SHO groups (p < 0.001) with no significant further increase 
between SHO and consultant groups (p = 0.951). 
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Figure H1: Correlation to gold standard judgements 
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For Mean Square Error (MSE) there was a trend towards significance across the three 
groups, shown in figure H2 below (p = 0.064).  
 
Figure H2 Mean Square Error across groups 
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For Mean Absolute Error (MAE) the findings were similar, but for this measure 
significance was achieved across the three groups (p = 0.024). This time, in contrast 
to the findings for correlation, the difference between the newly qualified and SHO 
groups was not significant (p = 0.359), but lay instead between the SHO and 
consultant group (p = 0.023) (see Figure H3 overleaf) 
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Figure H3: Mean Absolute Error across groups 
consultantsenior house officernewly qualified
group
35.000
30.000
25.000
20.000
15.000
10.000
5.000
A
ch
ie
v
e
m
e
n
t: 
M
ea
n
 
ab
so
lu
te
 
di
ffe
re
n
c
e
521
3
 
 
310 
Appendix I: Judgment analysis feedback study – Pack 1 
 
Participant consent form for risk of operative mortality judgment study 
 
 
Details of study: 
- The aim of this study is to understand how junior surgeons take into account 
different pieces of relevant information when estimating operative mortality 
and to try to improve your ability at estimating this risk by providing 
feedback based on a gold standard model. 
- You will be asked to provide a series of judgments based on very brief case 
vignettes. You will be asked to complete one set of vignettes today, taking 
approximately 15 minutes. This will be used to generate personalised 
feedback on your performance, which will be provided to you later in the 
course. 
- In addition, you will be asked some simple demographic questions, as well as 
to indicate the relative importance you attach to each of the variables in 
question. 
- After you have had an opportunity to look at your personalised feedback, you 
will be asked to provide a series of judgments based on a second set of 
vignettes, again taking 10-15 minutes. 
- Participation is voluntary, and you can choose to stop the task if you wish to 
do so. 
- All individual data are confidential. Please provide your email address if you 
feel comfortable to do so, as this will enable you to receive feedback on your 
performance on the second set of case vignettes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I consent to participate. 
 
 
Name ……………………..…… Signed …………………… Date …………… 
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Demographic questionnaire 
 
 
Surgeon Code:  
 
Mothers’ initials: 
 
Last 4 digits of mobile phone number: 
 
Age: 
 
Sex: 
 
Seniority/Year: 
 
Current Surgical Subspecialty: 
 
Career intention: 
 
 
 
 
 
 
 
 
 
 
 
Email address (optional)* 
 
 
 
 
 
*Please include your email address if you wish to be emailed feedback on your 
performance, and/or are willing to be contacted regarding a followup study 
which will involve undertaking one additional set of cases in your own time at 
home in the future. 
312 
Task information 
 
The aim of this task is to measure your performance at estimating surgical mortality 
(as defined by death during inpatient admission for operation). 
 
You will be provided with a series of sets of patient information, which will tell you 
the patient’s age, their ASA Grade and whether the patient will be operated on as an 
elective procedure, or as an emergency case. All of these factors influence operative 
mortality to a greater or lesser extent. The exact operation for each patient is not 
specified for each case, but please assume each of these patients is going to undergo 
major surgery, defined as Grade III by the modified John Hopkins Criteria (see below 
for a description).  
 
For each patient, please provide an estimate of the risk of mortality during the 
inpatient stay in which the operation is to be undertaken. Estimates may range 
between 0% and 100%. 
 
You are not expected to “know” the answers; these will be estimates, based on the 
available information. 
 
 
 
The description of a Grade III operation is as follows: 
- Highly invasive procedure 
- Potential blood loss greater than 1500 ml 
- Major to critical risk to patient independent of anaesthesia 
 
Examples of Grade III operations include: 
- Hip/knee replacement 
- Major orthopaedic-spinal reconstruction 
- Major resection/reconstruction of the gastrointestinal tract 
- Major laparoscopic procedures 
- Nephrectomy 
- Major genitourinary surgery (e.g. radical 
- retropubic prostatectomy) 
- Major vascular repair 
- Cardiothoracic procedure 
- Intracranial procedure 
- Major procedure on the oropharynx 
 
ASA Grades 
 
I Normal healthy patient 
II Patient with mild systemic disease with no functional limitations 
III Patient with moderate systemic disease with functional limitations 
IV Patient with severe systemic disease that is a constant threat to life 
(V Moribund patient who is not expected to survive 24 hours with/without 
surgery) 
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Before you begin the task: 
 
Please mark the relative importance of each the following variables in predicting the 
risk of operative mortality (as defined by death during inpatient admission for the 
operation) for patients undergoing a major* operation. 
 
(IE if one variable is twice as important as another, place the mark twice as far from 
the left hand end)  
 
Please place a mark on the scales provided for each variable: 
 
 
 
Age: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
ASA status: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
Emergency or elective operation: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
 
 
 
When undertaking the task overleaf, please try to be consistent in how each variable 
affects your estimates. 
 
 
 
 
*(modified John Hopkins Criteria 3 – see task information) 
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Case set 1 
 
Please provide your estimate of the risk of mortality as a percentage (between 0 and 
100%) for each case. The operations are not specified, but are all Grade III according 
to the modified John Hopkins criteria, as previously described. 
            Risk of mortality 
           ⇓ 
 
1. A 70 year old who is ASA Grade IV, undergoing an emergency operation  …….% 
2. A 41 year old who is ASA Grade III, undergoing an elective operation       …….% 
3. A 41 year old who is ASA Grade II, undergoing an emergency operation   …….% 
4. A 58 year old who is ASA Grade I, undergoing an elective operation          …….% 
5. A 41 year old who is ASA Grade IV, undergoing an elective operation       …….% 
6. A 41 year old who is ASA Grade I, undergoing an elective operation          …….% 
7. A 94 year old who is ASA Grade III, undergoing an elective operation       …….% 
8. A 70 year old who is ASA Grade III, undergoing an elective operation       …….% 
9. A 58 year old who is ASA Grade IV, undergoing an emergency operation  …….% 
10. A 94 year old who is ASA Grade II, undergoing an emergency operation   …….% 
11. A 58 year old who is ASA Grade IV, undergoing an elective operation       …….% 
12. A 41 year old who is ASA Grade III, undergoing an emergency operation  …….% 
13. A 94 year old who is ASA Grade II, undergoing an elective operation        …….% 
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14. A 94 year old who is ASA Grade IV, undergoing an elective operation       …….% 
15. A 70 year old who is ASA Grade III, undergoing an emergency operation  …….% 
16. A 58 year old who is ASA Grade II, undergoing an elective operation        …….% 
17. A 41 year old who is ASA Grade IV, undergoing an emergency operation  …….% 
18. A 58 year old who is ASA Grade III, undergoing an elective operation       …….% 
19. A 94 year old who is ASA Grade IV, undergoing an emergency operation  …….% 
20. A 70 year old who is ASA Grade II, undergoing an elective operation        …….% 
21. A 70 year old who is ASA Grade II, undergoing an emergency operation   …….% 
22. A 41 year old who is ASA Grade I, undergoing an emergency operation    …….% 
23. A 58 year old who is ASA Grade I, undergoing an emergency operation    …….% 
24. A 58 year old who is ASA Grade III, undergoing an emergency operation  …….% 
25. A 70 year old who is ASA Grade IV, undergoing an elective operation       …….% 
26. A 41 year old who is ASA Grade II, undergoing an elective operation        …….% 
27. A 94 year old who is ASA Grade III, undergoing an emergency operation  …….% 
28. A 58 year old who is ASA Grade II, undergoing an emergency operation   …….% 
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Now you have completed the task: 
 
As before, please mark the relative importance of each the following variables in 
predicting the risk of operative mortality (as defined by death during inpatient 
admission for the operation) for patients undergoing a major* operation. 
 
(IE if one variable is twice as important as another, place the mark twice as far from 
the left hand end)  
 
Please place a mark on the scales provided for each variable: 
 
 
 
Age: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
ASA status: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
Emergency or elective operation: 
 
 ___________________________________________________ 
Unimportant       Extremely important 
 
 
 
 
 
 
 
 
 
 
 
*(modified John Hopkins Criteria 3 – see task information) 
 
Thankyou for participating. Feedback on your performance will be provided to you at 
the course. 
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Appendix J: Example of feedback 
 
Surgeon code: RSCb8 
 
 
1. Anchors – highest and lowest values 
 
The lowest mortality is for 41 year old ASA I patients undergoing an elective 
operation. Mortality = 0.3% 
The highest mortality is for 94 year old ASA IV patients undergoing an emergency 
operation. Mortality = 71.2% 
 
2. Overall correlation between your estimates and the gold standard  
0.892 – a very high score, indicating very good accuracy of your estimates. 
 
You were slightly overestimating the risks on the whole – on a plot of your estimates 
against the gold standard, most of the data points fall below the line.  
 
 
 
100.0080.0060.0040.0020.000.00
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3. Influence of ASA, urgency of operation and age 
 
ASA is the strongest predictor of mortality, then urgency (emergency/elective), then 
age. 
When asked directly, you put ASA and urgency joint first, then age. 
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Looking at how you weighted the different cues based on regression analysis of the 
estimates you gave, you placed a little too much weight on age, and not quite enough 
on ASA/urgency. 
0
0.1
0.2
0.3
0.4
0.5
0.6
ASA Urgency Age
Gold Standard
Surgeon RCSb8
 
 
 
The goodness of the fit of the regression model was good for your judgments. This 
indicates that you were consistent in the way the variables influenced your judgments. 
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Appendix K: Judgment Analysis Feedback Study – Participant feedback  
  questionnaire Please indicate whether you agree with each statement below by 
circling the appropriate number from 1 (strongly agree) to 6 (strongly disagree). If you do not know or 
feel the statement is not applicable, please mark the appropriate box instead. 
 
 
Strongly                                                       Strongly  
Agree                                                           Disagree               
Don’t 
Know 
 
N/A 
I make similar judgments to this 
when consenting patients for 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I quote a percentage chance of 
conversion to open to the 
patient when I take consent for 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
The documentation provided to 
me in this task contained 
sufficient information to make 
the judgments 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would normally consider 
additional information when 
making such judgments which 
was not available to me during 
this experimental task   
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
(If so please specify:) 
 
The documentation provided to 
me in this task was realistic 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
The case mix of patients in the 
task was representative 
of patients undergoing 
laparoscopic cholecystectomy 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
Cases that are more likely to 
result in conversion to open 
should be performed by more 
senior clinicians 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I am confident my predictions 
were accurate 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
 
I enjoyed the task 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
 
I found the task boring 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be interested to receive 
individual feedback on my 
results 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be interested to see how 
my results compare to groups of 
differing expertise 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I feel anxious that if my 
personal results my results were 
made public it could adversely 
affect my career 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
  
I would be willing to participate 
in other similar studies 
 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
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Appendix L: Course development documentation 
 
Course Proposal 
 
Proposed course title:  Surgical Judgment and Decision Making 
 
Convenor:   Ros Jacklin 
 
Sessional Tutor:   Nick Sevdalis 
 
Course Objectives/Learning outcomes: 
 
Objective Learning outcome 
• Introduce definitions of 
judgment and decision making, 
and associated relevant concepts 
• Raised awareness of judgment and decision 
making as aspects of surgical competence 
• A common vocabulary to describe the 
processes involved 
• Describe the qualitative 
differences between expert and 
novice decision making 
• Understand the progression from novice to 
expert in terms of how clinical knowledge is 
represented and decisions are made 
• Appreciate relevance of this progression for 
clinical practice and for teaching  
• Introduce relevant models of 
decision making, and common 
decision making biases 
• Understand principles of relevant models 
and approaches to decision making 
• Understand potential pitfalls in surgical 
decision making due to inherent human 
biases 
• Introduce a decision tool for 
thinking through clinical 
decisions 
• Ability to use the tool as a framework for 
critical thinking about real-life clinical 
decisions 
• Ability to communicate the process 
 
Teaching methods: 
 
• Didactic teaching (lecture based) 
 
• Interactive sessions 
 
• Small group work 
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Proposed Course Length:  Half-day 
 
Proposed dates:    Early July tbc 
 
Course Level:   Aimed at F2/ST1 level 
 
Links with other institutions: Imperial College London 
 
Demand/rationale: 
 
 Judgment has been included in the ISCP framework, and both judgment and 
decision making are emphasised within the CanMEDS model of clinical competency 
upon which it was based. This course has been developed to provide an educational 
approach to judgment and decision making. 
 
 This course is aimed at (F2/ST1) as the most appropriate group to target 
because it was felt that some prior experience of making clinical decisions was a 
necessary pre-requisite, but that more senior trainees would be less likely to benefit as 
they would already have developed their own abilities beyond the stage at which 
generic training on the issues involved would be interesting to them. The course is 
designed to be as clinically applied, wherever possible utilising examples elicited 
from the participants’ own practice during a pre-course questionnaire, to maximise the 
relevance to them. 
 
The pilot course forms part of a research project to establish whether this 
formal structured approach is useful and/or desirable. The course contents have 
already been pre-piloted with 2 groups of clinicians including a large group of 
surgeons undertaking an MSc. If the evidence gathered from the pilot indicates this to 
be so, the module may be developed further, and its relationship to other courses 
within the suite offered by the college may be further defined. In addition, 
complementary shorter interventions for opportunistic use in the workplace and for 
private study may subsequently be developed. 
 
Course evaluation 
 
The participants will answer a pre-and post-test questionnaire. The pre-test 
questionnaire will establish baseline attitudes and knowledge, as well as eliciting 
some clinical decisions to incorporate into the main body of the session itself. 
 
The post-test questionnaire will replicate the attitudinal and knowledge questions to 
look for objective changes, as well as providing the opportunity for participants to 
contribute subjective detailed feedback on the course content, as well as the course 
delivery, venue and organisation. 
 
The faculty delivering the course as well as independent observers will also complete 
subjective feedback forms rating the course content, delivery, venue and organisation. 
 
In addition, fifteen minutes are allocated for free discussion, which will be recorded. 
It is anticipated that a component of the discussion will be informal course evaluation. 
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Proposed course programme 
 
 
9.00 – 9.15 Welcome and completion of pre-course questionnaire 
 
9.15 – 9.45 Introduction to surgical judgment and decision making 
  To include 
• Importance of judgment and decision making for surgical 
competency 
• Definitions of terms: 
- Judgment 
- Decision 
- Risk 
- Uncertainty 
- Additional related concepts and terms 
• Contextualisation of the role of judgment and decision making 
within Evidence-based Surgery 
• Special features of surgical decisions 
 
 
9.45 – 10.00 The development of expertise at decision making 
  To include 
• Changes in knowledge representation with increasing expertise 
- Abernathy and Hamm, surgical scripts 
• Phases of progression at decision making with increasing 
expertise (Dreyfus and Dreyfus) and features of each stage 
- Novice 
- Advanced beginner 
- Proficient 
- Expert 
• Relevance of differences for trainees and trainers 
 
10.00 – 10.45  Models of decision making 
  To include 
• Overview of contrast/continuum between deliberative and 
intuitive approaches 
• Interactive exercise: Decisions elicited from trainees on pre-
course questionnaire to be placed on deliberative/intuitive 
continuum 
• Highly structured approaches 
- Evidence-based surgery 
- Formal decision analysis 
- Bayesian approaches 
• Models of intuitive approaches 
- Naturalistic decision making 
- Recognition-primed decision making 
• Estimating risk 
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10.45 – 11.00  Break for coffee 
 
11.00 – 11.30  Decision making biases and pitfalls 
To be demonstrated interactively with the group using clinical 
examples 
• Biases: 
- Confirmation bias 
- Availability 
- Hindsight 
- Unpacking 
- Sunk cost 
- Omission bias 
- Regret 
• Taking risks 
- Framing 
- Prospect Theory 
• Overconfidence – to be demonstrated using results from the pre-
session questionnaire 
 
11.30 – 12.00  Introduction to a decision tool 
• PrOACT decision tool (Keeney et al 1999) 
- Problem 
- Objectives 
- Alternatives 
- Consequences 
- Tradeoffs 
• Small group exercise to use the tool on decisions elicited from the 
group 
• Suggestions for use in discussion with trainers/case-based 
discussions, reflective writing/portfolio development, discussing 
difficult decisions with patients 
 
12.00 – 12.15  Completion of post-course questionnaire 
 
12.15 – 12.30  Open discussion on topics covered, course itself 
 
12.30   Close of session
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Appendix M: Course development process 
 
The opportunity arose to deliver a training session on surgical decision making 
to 2 groups of trainee PSPs and SCPs as described previously. Each group was to 
consist of 7 – 10 participants, each with a background of experience working either as 
surgical nurses (ward or theatre based) or as operating department practitioners. The 
new roles of PSPs and SCPs were under development. The course organisers felt a 
session on clinical judgment and decision making would be valuable in the context of 
the course, and allocated 90 minutes to the topic, to include a short break. 
 
Two sessions were held in the first pre-pilot, each with a small group (7-10) of 
trainee PSPs/SCPs. An overview of the session content is provided in Box 1 
 
 
The introductory section was interactive, commencing with introductions of 
the presenters and the participants, to set a relaxed and informal tone, and also to 
gauge the types and degree of experience the participants were bringing to the session. 
Box 1: Overview of Session Content – Pre-pilot 
 
9.30 - 9.50  Introduction to decision making in surgical care 
- What is a decision? 
- What are the decisions in surgical care? 
- Why are they important? 
- What are the issues? 
Decisions 
Environment 
 
9.55-10.15  Decision-making biases 
- Definition and examples 
 
10.15 – 10.30 Coffee break 
10.30 – 11.00 Introduction to a decision tool (“PrOACT”) 
- Small group exercise 
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Participants were then asked to put forward definitions for the concepts of judgment 
and decision making in the context of clinical care, and identified some of the types of 
decision made in surgical care. 
 
 Next followed a few minutes of didactic presentation describing some 
important features of surgical decisions, together with some data on features of the 
clinical environment in which those decisions are made (such as distractions and time 
pressure) which may impact on decisions made. 
 
We then identified a series of specific clinical decisions that the participants 
had been involved with during their practice. Participants each described a detailed 
decision making scenario from their practice to date. These were recorded, to be used 
later in the session. 
 
Next came a theoretical component, introducing the concept of heuristics and 
biases, which were illustrated with the most important examples in the clinical setting: 
confirmation bias, recognition, and framing effects. Time was allocated to thinking 
about issues of insight and overconfidence, as these were also deemed to be clinically 
important. 
 
After a coffee break, the last section of the session was used to introduce a tool 
for thinking through decisions: “PrOACT”. This acronym (standing for “Problem, 
Objectives, Alternatives, Consequences and Tradeoffs” – aspects of a decision 
problem that may be considered sequentially) forms the core of a method for 
approaching decisions that was developed by Keeney et al (1999). Although not 
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designed specifically for the medical setting, it was memorable and contained the 
necessary elements for structuring and reflecting on clinical decisions. Participants 
separated into pairs or threes, and used the tool to think through the decisions they had 
described from their experience, earlier in the session. Results were then presented to 
the group. A few minutes were set aside for informal feedback, and more formal 
feedback was to be emailed back to the course organiser. 
 
Reflections and feedback on pre-pilot 
 
My own reflections and those of my co-presenter at the time were firstly that 
we had very talkative groups. They all seemed comfortable with each other, and all 
with plenty to contribute to the session. The timing seemed rather rushed, despite 
keeping the theoretical content to a minimum. However, most of the content seemed 
to work and participants seemed able to relate the theoretical components to the 
clinical context.  
 
 Overall it seemed particularly important to establish what decisions were 
relevant to the group as a whole and integrate them into the session. The PrOACT tool 
appeared helpful, especially in relation to decisions where there would be time to 
deliberate in the clinical setting. Examples from the group in which it was successful 
included: 
- whether to operate / which operation for man with complex aortic aneurysms 
- whether to investigate mild pre-operative renal impairment noted incidentally 
 It was not applicable to the emergency scenario described by one participant, in 
which a child was unable to maintain their airway in the recovery room. In particular, 
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we identified the importance of advice in relation to decision making for members of 
the group.  
 
However, we felt the session had been too short, and we had not been able to 
incorporate theoretical elements that we considered to be very important – such as 
more formal approaches to decision making such as decision analytic techniques, and 
Bayesian approaches. 
 
Informal feedback from the groups reflected these considerations. Participants 
felt the session had been a little rushed, and wished that the whole morning had been 
allocated, not just the 1.5 hours timetabled. They also felt it would have been useful to 
have had earlier in their course, as aspects of it could feed into the reflective writing 
component compulsory within their course - which often ended up being about 
difficult decisions. However, they found the content interesting, and liked way that it 
related to their experience. In particular they felt it could be very useful for final year 
medical students and doctors in their first few years of practice. 
 
Return on the more formal emailed feedback was very poor with only five 
returns. Participants were asked to rate the session from 1 (poor) to 5 (excellent) on 
content, interest, applicability and time. Space was provided for free text comments. 
Results were very uniform. All respondents scored the session with a 5 for content, 
interest and applicability, and 3 for time. Four free text comments were received: 
“I thought the teaching was very well set out and structured” 
“Could be turned into two different sessions” 
“Felt it would be beneficial if done earlier in the course.” 
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“The session was good and pitched at the right level.  We enjoyed it.” 
 
Feedback from our educationalist observer (TT) identified a number of 
positive aspects to the session delivery. The way we (as presenters) introduced 
ourselves was clear, and she found the introduction of group members to be useful 
both as an icebreaker and for getting to know the audience. Having two presenters and 
switching between ourselves worked well, introducing variety, and she found the 
degree of audience participation and exercises worked well. The handouts of slides 
were considered useful.  
 
She also noted that presentation style was appropriate to audience, describing 
it as “professional and approachable, informal but still with authority”. She felt that 
we facilitated the participants’ presentations well in the group activities – for example 
summarising their findings and putting them into the context of “PrOACT”. When we 
received a lot of participant input and were running a little late, we were successful at 
refocussing them to the task in hand. 
 
Her suggestions for improvement were helpful. In particular, she felt that 
better use could be made of the co-presenter to act as the scribe during the 
presentation of the small group work, allowing the lead presenter of that section to 
continue to engage audience without being distracted by writing up the findings. She 
also made some practical suggestions regarding content (improving the referencing) 
and timing (working through the coffee break if necessary). 
 
 
329 
Modifications before delivering Pilot course 
 
From here, the first course delivery (pilot) was arranged, with a larger group 
(30-40) of surgeons undertaking a Surgical MSc course at Imperial College. A longer, 
3 hour session was allocated, and the session was reworked to meet the needs 
identified above, and also to adapt to a larger group, this time consisting of practicing 
trainee surgeons. 
 
In terms of content, several adaptations were made. An overview of the 
revised content is provided in Box 2 below. 
 
Firstly, with the longer session, further theoretical material could be included, 
though taking heed of the time constraints, some of the other material was trimmed to 
ensure sufficient time for the session. Material on the relationship of clinical decision 
making to evidence-based surgery was elucidated, and a clinical example was utilised 
to introduce the Bayesian concept that new information is used (either formally and 
Box 2: Overview of Session Content - Pilot 
 
9.00 -9.45 Decision making in surgical care: Issues and Models 
- Decisions in surgical care 
- Issues:   Decisions 
    Environment 
   - Models: Intuitive 
    Deliberative 
          Effect of expertise 
- Relationship to evidence-based surgery 
 
9.45 - 10.30 Decision making biases 
- Definition and examples 
 
10.30 – 11.00 Coffee Break 
11.00 – 12.00 Introduction to a decision tool (“PrOACT”) 
- Small group exercise 
12.00 – 12.30  Feedback 
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explicitly, or clinically and intuitively). Further material on the role of uncertainty was 
also incorporated, as well as a few slides on the changing nature of decision making 
with increasing expertise. In addition, the small group work was adapted to meet the 
demands of a larger overall group whilst attempting to maintain the interactivity and 
involvement of individual experiences that participants had valued with a breakout 
session into smaller subgroups of similar clinical interest followed by a discussion 
with the whole group together. 
 
The overconfidence demonstration in the previous pilot had been relatively 
time with respect to the volume of content it covered. I was also unsure how it would 
translate to the larger group, so I decided that an alternative and less time-consuming 
demonstration of this would be preferable. I had already decided to develop a pre- and 
post-course decision making questionnaire to try to detect changes in attitudes and 
levels of perceived knowledge of participants, so I opted to include a question 
designed to look for overconfidence, and feedback the group’s own pre-course results 
for this during the session. 
 
The pilot was successful and minor modifications to the session were made 
prior to Courses A and B, delivered via the Royal College of Surgeons of England. 
Those changes that were made, together with information relating to the necessary 
administrative and practical activities associated with organizing this last and most 
significant pilot are described in the section below. 
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Modifications and developments for Courses A and B 
 
Course content from the pilot had been very successful, with the time 
constraints seemingly overcome, so minimal further changes were made to the 
content. There were three significant exceptions however; firstly a section on the 
environment in which surgical decisions are made, with slides containing data 
describing that environment, was cut out.  
 
This was replaced with a little more theoretical material, introducing the 
concept of decision analysis, and also the use of judgment analysis to model surgeons’ 
risk estimates using the task described in Chapter 8. This task, together with the pre-
course questionnaire, was emailed out to participants to return in advance, so that 
Box 3: Overview of Session Content - Courses A and B 
 
9.00 – 9.15 Welcome and pre-course questionnaire 
 
9.15 – 9.45 Introduction to surgical judgment and decision making 
- Definitions 
- Decisions in surgical care 
- Relationship to evidence-based surgery 
- Issues: Decisions/Environment 
 
9.45 – 10.00 Development of expertise at decision making 
 
10.00 – 10.45  Models of decision making 
- deliberative/intuitive continuum 
(interactive exercise) 
- Normative/descriptive approaches 
 
9.45 - 10.30 Decision making biases and pitfalls 
- Definition and examples 
 
10.30 – 11.00 Coffee Break 
 
11.00 – 12.00 Introduction to a decision tool (“PrOACT”) 
- Small group exercise 
 
12.00 – 12.30 Post-course questionnaires / feedback 
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personalised feedback for individuals could be prepared for the day of the course 
itself, as well as being able to incorporate some group-level data into the session. 
 
One of the weaknesses of the pilot was a lack of detailed feedback on the session 
itself, and it was clear that a additional feedback questionnaires should be developed 
to complement the pre- and post-course decision making questionnaires. In response, 
the Course Content Evaluation Questionnaire and the Global Course Feedback 
Questionnaire were developed. In addition, the plan to run the course through the 
RCS necessitated formalisation of the course proposal to satisfy college requirements. 
A course proposal document was finalised and submitted, incorporating detail of 
course objectives and learning outcomes. Two further sessions were run and evaluated 
at the RCS (Courses A and B). Results of feedback from courses A and B are 
presented in Chapter 9. 
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Appendix N: Decision Making Questionnaires 
1. Pre-course 
Please help us make this session interesting and relevant 
 
Below are 9 questions relating to clinical judgment and decision making that will 
help us to pitch this teaching session at an appropriate level. Results will be fed 
back to you later today, and some questions will be used for discussion in the 
session itself. 
Age:     Last five digits of phone no: 
Sex :     Mother’s initials: 
Specialty: 
Seniority:     Years at that seniority: 
 
 Completely 
disagree 
Disagree Somewhat 
disagree 
Neither 
agree nor 
disagree 
Somewhat 
agree 
Agree Completely 
agree 
1. I have previously 
received formal 
teaching about 
judgment and 
decision making  
       
2. Judgment and 
decision making are 
important aspects of 
surgical expertise  
       
3. I practice evidence-
based surgery  
       
4.  My judgment and 
decision making are 
above average for my 
grade/experience  
       
5. I recognise the 
sources of uncertainty 
in clinical decisions  
       
6. I have a clear 
understanding  of 
theoretical models of 
decision making 
       
7. I can describe 
specific biases known 
to affect clinical 
decision making 
       
8. I can think through 
difficult decisions in a 
structured fashion 
       
 
9. Please briefly describe a difficult decision you/your clinical team have had to 
make in practice  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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2. Post-course 
Please help us improve this session 
 
Below are 10 questions relating to clinical judgment and decision making that will 
help us to evaluate whether today’s session has been useful, and whether it has 
impacted on your knowledge and understanding of clinical decision making.  
 
Last five digits of phone no:   Mother’s initials: 
 Completely 
disagree 
Disagree Somewhat 
disagree 
Neither 
agree nor 
disagree 
Somewhat 
agree 
Agree Completely 
agree 
1.  Judgment and 
decision making are 
important aspects of 
surgical expertise  
       
2. My judgment and 
decision making are 
above average for my 
grade/experience 
       
3. I can describe 
specific biases known 
to affect clinical 
decision making 
       
4.  I have a clear 
understanding  of 
theoretical models of 
decision making 
       
5. I can think through 
difficult decisions in a 
structured fashion  
       
6. The session was 
interesting and 
relevant to my clinical 
practice 
       
7. I practice evidence-
based surgery  
       
8. I recognise the 
sources of uncertainty 
in clinical decisions 
       
 
9. Please describe the best aspect of today’s session in terms of 
a) content of the session . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b) delivery of the session. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10. Please suggest any potential improvements to today’s session . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Appendix O: Course Content Evaluation Questionnaire 
 
Please rate today’s session in terms of whether the course objectives and learning 
outcomes were met: 
 
Course objective/ 
learning outcome 
Not met    Partly 
met 
 Fully 
met 
     
     
Introduce definitions of judgment 
and decision making, and 
associated concepts 
- Raised awareness of 
judgment and decision making as 
aspects of surgical competence 
- A common vocabulary to 
describe the processes involved            
     
     
Describe the qualitative differences 
between expert and novice decision 
making 
- Understand the progression 
from novice to expert decision 
making  
- Appreciate relevance of this 
progression for clinical practice 
and teaching 
     
     
     
Introduce relevant models of 
decision making, and common 
decision making biases 
- Understand principles of 
relevant models and approaches 
to decision making 
- Understand potential pitfalls 
in surgical decision making due 
to inherent human biases 
     
     
     
Introduce a decision tool for 
thinking through clinical decisions 
Ability to use the tool as a 
framework for critical thinking about 
real-life clinical decisions 
Ability to communicate the process 
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Appendix P: Global Course Feedback Questionnaire 
 
Content, delivery, venue and organisation 
Please rate the course content, delivery, venue and organisation 
 
 Very 
poor 
Unsatisfactory Satisfactory Good Excellent 
Content      
Delivery      
Venue      
Organisation      
 
 
Please describe the best aspect of today’s session in terms of 
a) content of the session  
 
b) delivery of the session 
 
Please suggest any potential improvements to today’s session  
 
 
 
 
 
How could teaching sessions like this best be complemented by clinical teaching 
in your workplace? 
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Appendix Q: Sample of Decisions for Discussion from Questionnaires 
 
 
1. An elderly patient presented with pain from a long standing irreducible 
umbilical hernia.  There was no evidence of obstruction at the time.  Being 
elderly and having COPD the team were deciding on the risk of strangulation 
and the risk of complications from surgery.  The team decided on surgery to 
prevent strangulation and higher risk surgery if that were to occur. She passed 
away 7 days post op due to a myocardial infarction.  
 
2. we had 90yrs lady who was ASA grade III known to have gastric cancer and 
presented with vomiting and she was dehydrated, developed acute renal failure 
and AF this in addition to her cardiac disease, although the decision was hard 
and she was a high risk of intra operative mortality she wanted to have the 
surgery and unfortunately she died 6 hours after that. 
 
3. Patient receiving deep brain stimulation for pain.  Experimental procedure.  
Panic attack during awake surgery.  Initially good efficacy but ineffective after 
1 month.   Decision to reoperate and attempt to stimulate a different brain 
target? 
 
4. 90 year old lady with perforative peritonitis and unwell, very high risk for GA, 
To operate or not 
 
5. We were called to see an 80 year old lady who had recently been diagnosed 
with lung cancer.  She had a perforated sigmoid colon.  Taking into account 
her risks of the operation and her life expectancy from the cancer it was 
decided to proceed with conservative management 
 
6. 65 year old lady, had a stroke with 90% stenosis in Right ICA, so would 
benefit from endarterectomy. Also needed triple coronary bypass surgery. 
ASA IV. Heart surgeons wanted her to have endarterectomy before attempting 
bypass, vascular surgeons not happy to do it based on her risk. Patient very 
scared of having any surgery due to risk. In the end endarterectomy was done 
successfully under local, and bypass was then done successfully 
 
7. Whether to operate on a frail elderly woman with multiple co-morbidities with 
an open humeral fracture. Consent for this high risk surgery was obtained 
from family and two consultants because she was too confused. Unfortunately 
she died post-operatively 
 
8. Decision to reconstruct a limb when an amputation may have offered the best 
outcome overall. Reconstruction saved the limb but required a very prolonged 
hospital stay and rehabilitation. 
 
9. Fit 50yr old gentleman booked for elective resection of R knee sarcoma 
affecting mobility found to have developed 3cm lung met within 4 weeks of 
CT. Extent of surgery knowing it was now palliative needed to be decided as 
this gentleman may not have long to live and may prefer to enjoy his limited 
lifespan free from hospital. 
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